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DENTAL  PROSTHETIC  RESTORATIONS  CONSTRUCTED  FOR 
NAVAL  PERSONNEL* 

C.  C.  DE  FORD*  AND  CARL  AUGUST  SCHLACK* 

U.  S.  Naval  Dental  School,  Bethesda,  Md. 

A  review  of  the  dental  literature  here  available  does  not  disclose  detailed 
quantitive  data  on  type  prosthetic  restorations  actually  constructed  in  private 
practice  or  in  clinics  at  various  institutions.  Gross  reports  are  published  per¬ 
iodically  by  the  Armed  Forces  but  these  do  not  include  denture  classification  or 
frequency  of  construction  of  any  type.  Because  such  information  may  facilitate 
more  accurate  budget  estimates  for  certain  dental  materials  as  well  as  to  support 
the  necessity  of  emphasis  on  “man-hour”  requirements  for  rendering  such  dental 
treatment,  an  investigation  of  this  nature  was  chosen. 

PURPOSE 

This  study  was  made  principally  to  acquire  more  detailed  quantitive  data 
on  type  prosthetic  restorations  actually  constructed  and  worn  by  patients. 
This  investigation  is  not  concerned  wdth  materials  used  nor  with  the  design  of 
each  case. 

PROCEDURE 

Data  was  obtained  from  the  files  on  dental  prosthesis  at  the  U.  S.  Naval 
Dental  School.  These  covered  appliances  constructed  at  the  school  in  the  years 
1938, 1939,  and  1940.  In  all,  587  patients  received  denture  service  with  a  total 
of  891  dental  prosthetic  appliances  constructed. 

The  appliances  w'ere  classified  to  show  the  following  combinations  (Table  I 
and  fig.  1):  1 — Complete  maxillary  and  mandibular  denture  cases  combined. 
2 — Complete  maxillary  denture  cases  only.  3 — Complete  mandibular  denture 
cases  only.  4 — Complete  maxillaiy-  and  partial  mandibular  denture  cases  com¬ 
bined.  5 — Complete  mandibular  and  partial  maxillary  denture  cases  combined. 
6 — Partial  maxillar>'  and  partial  mandibular  denture  cases  combined.  7 — 
Partial  maxillarj'  denture  cases  only.  8 — Partial  mandibular  denture  cases  only. 

Another  classification  (Table  II  and  fig.  2)  was  made  to  show  the  number  of 
partial  appliances  that  were  constructed  to  replace  specific  numbers  of  missing 
teeth. 

RESULTS 

1.  The  tables  and  graphs  indicate  that,  in  the  years  1938  to  1940  inclusive, 
partial  maxillary  and  partial  mandibular  denture  combinations  were  most  fre- 

*  Received  for  publication  July  29,  1942. 

*  Lieutenant  Commander,  D.  C.,  U.S.N. 
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TABLE  I 

Proithetic  Denture  Combinatioru 


PIOSTHZTIC  APPLIANCES 


Complete  maxillary  &  full  mandibular .  78 

Complete  maxillary  only .  21 

Complete  mandibular  only .  5 

Complete  maxillary  &  partial  mandibular .  71 

Complete  mandibular  &  partial  maxillary .  2 

Partial  maxillary  and  partial  mandibular. . . .  153 

Partial  maxillary  only .  143 

Partial  mandibular  only .  114 


Total .  587 


Complete  maxillary .  170 

Complete  mandibular .  85 

Partial  maxillary .  298 

Partial  mandibular .  338 


Total .  891 


HMiwI 


Fig.  1.  Prosthetic  denture  combinations.  F.  Max. — complete  maxillary,  F.  M. — com¬ 
plete  mandibular,  P.  Max — partial  maxillary,  P.M. — partial  mandibular. 

quently  constructed  (26,6%)  and  complete  mandibular  and  partial  maxillary 
denture  combinations  most  infrequently  (0.85%).  2.  Of  the  partial  maxillary 
dentures  constructed  those  supplying  5  teeth  were  most  frequent  (19.1%)  and 


NUM6CR  OF  PARTIAL  OCNTURCS 


PROSTHETIC  restorations:  NAVAL  PERSONNEL 
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TABLE  II 

Partial  Denture*  Supplying  Specific  Number*  of  Teeth 


Fig.  2.  Partial  Dentures  Supplying  Specific  Number  of  Teeth 
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partial  maxillary  dentures  supplying  11  teeth  were  rarely  made  (0.7%).  3.  Of 
the  partial  mandibular  dentures  constructed  those  supplying  4  teeth  were 
most  frequently  constructed  (19.8%)  and  those  supplying  12  teeth  most  infre¬ 
quently  (0.3%).  4.  28.6%  of  all  dentures  constructed  were  complete  cases  and 
71.3%  were  partial.  5.  Complete  mandibular  dentures  comprised  9.5%  of  all 
dentures  constructed,  complete  maxillary  19.1%,  partial  maxillary  33.4%  and 
partial  mandibular  37.9%. 

CONCLUSION 

From  data  obtained  at  the  U.  S.  Naval  Dental  School  it  appears  that  pros¬ 
thetic  dental  replacements  most  necessary  for  naval  personnel  here  treated  are 
of  the  partial  denture  type. 

The  opinions  or  assertions  contained  in  this  article  are  the  private  opinions  or  assertions 
of  the  writer  and  are  not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  De¬ 
partment  or  the  Naval  service  at  large. — Article  113,  U.  S.  Navy  Regulations. 


THE  EFFECT  OF  STRONTIUM  ON  THE  INCISOR  OF  THE  RAT‘ 

I.  Injections  of  Small  Doses  of  Strontium  Chloride  as  a  Means  of 
Measuring  the  Rate  of  Incremental  Dentin  Apposition 

JOSEPH  P.  WEINMANN,  M.D. 

Foundation  for  Dental  Research,  Chicago  College  of  Dental  Surgery,  Chicago,  III. 

INTRODUCTION 

Strontium  has  chemical  properties  similar  to  calcium.  This  is  the  reason 
that  its  effect  on  bony  structures  has  been  studied  frequently  during  the  last 
half  century  (13,  9,  15,  10,  11,  12,  22,  23,  21,  14).  Many  pharmacological 
studies  of  strontium  as  a  substitute  for  calcium  have  been  made  (4,  1,  3,  2)  but 
few  references  to  its  effect  on  the  teeth  are  available  (6,  8).  The  effect  of  stron¬ 
tium  on  the  structure  of  teeth  has  not  been  investigated  histologically. 

In  a  series  of  experiments  2  methods  for  studying  the  effect  of  strontium  chlo¬ 
ride  on  the  dental  tissues  of  the  rat  incisor  were  used,  1,  injecting  single  and 
multiple  doses  of  strontium  chloride  and,  2,  feeding  varying  amounts  of  the 
chemical.  This  report  deals  with  the  results  obtained  by  the  injection  of  small 
amounts  of  strontium  chloride.  It  was  found  that  by  injecting  small  amounts, 
changes  in  dentin  occur  w’hich  permit  the  measuring  of  the  rate  of  dentin  appo¬ 
sition  just  as  when  alizarin  red  S  or  sodium  fluoride  are  injected  (16,  19). 

MATERIAL  AND  METHODS 

The  present  report  is  based  on  the  study  of  the  upper  incisors  of  23  rats  vary¬ 
ing  m  age  from  23  to  96  days.  In  the  first  group  of  experiments  6  animals  were 
injected  with  1  cc.  of  a  2.75  per  cent  strontium  chloride  solution  from  1  to  34 
times.  Five  controls  received  1  cc.  of  physiologic  saline  solution.  These  ex¬ 
periments  are  recorded  in  Table  I.  In  a  second  group  of  experiments  rats  from 
3  different  litters  were  injected  w  ith  strontium  chloride  and  alizarin  red  S.  The 
data  for  these  experiments  are  compiled  in  Table  II. 

Albino  rats  bred  from  Wistar  Institute  stock  were  fed  Dog  Chow  (Purina). 
This  diet  was  augmented  twice  a  week  by  the  addition  of  lettuce,  carrots  and 
dr>’  bread  crusts.  The  animals  were  kept  in  a  light  room,  3  to  5  in  a  cage.  The 
animals  were  weighed  at  the  beginning  and  the  end  of  the  experiments;  if  the 
experiments  extended  over  a  week  or  more,  the  animals  were  weighed  once 
a  week. 

Strontium  chloride,  purified  (J.  T.  Baker  Chemical  Co.,  Phillipsburg,  N.  J.) 
was  dissolved  in  distilled  water  in  concentrations  of  0.7,  1.4  and  2.75  grams 

*  Read  at  a  meeting  of  the  Chicago  Section  of  the  International  .\ssociation  for  Den¬ 
tal  Research,  Oct.  9,  1942.  Received  for  publication  June  15,  1942. 
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TABLE  I 

Daily  weight  gains  and  rate  of  apposition  of  dentin  of  upper  incisor  of  6  rats  injected  1  to  Si 
times  mth  1  cc.  2.75%  SrCU  and  from  5  controls  injected  with  physiologic  saline  solution 


KAT 

NO. 

1 

SEX  j 

i 

! 

AGE  AT  j 
STAET 

WT.  AT  1 
STAET  j 

1 

WT.  AT  1 
END  1 

%  SrCli  ! 
OK  NaCl  1 
1  o,.  mj.  j 

SrCli  IN  MG./  ; 
KILO.  BODY 
WEIGHT  1 

NO.  INJ.| 

LENGTH 

EXP. 

DAILY 
WT.  GAIN 

DAILY  BATE 
DENTIN 
APPOS. 

days 

grams 

gram 

i 

days 

grams 

M 

20 

cf 

34 

90.9 

? 

2.75% 

300 

1  i 

2 

? 

18 

22 

9 

34 

81.9 

90.5 

2.75% 

340 

i  2  ! 

7 

1.2 

20.6 

27 

cf 

35 

56.9 

89.0 

2.75% 

450 

3  1 

10 

3.2 

18.9 

33 

9 

35 

66.9 

127.0 

2.75% 

390 

8  ! 

28 

2.1 

* 

35 

9 

23 

40.9 

283.0 

2.75% 

680  to  100 

30 

i  114 

2.1 

16.0 

38 

o' 

23 

35.9 

377.0 

2.75% 

680  to  70 

34 

i  140 

2.4 

* 

21 

9 

34 

85.9 

89.5 

NaCl 

2 

!  7 

0.5 

26 

35 

66.9 

110.0 

NaCl 

3 

10 

4.3 

32 

9 

35 

59.4 

130.0 

NaCl 

.8 

28 

2.5 

34 

9 

23 

26.9 

220.0 

NaCl 

30 

114 

1.7 

40 

9 

23 

32.9 

238.0 

NaCl 

34 

140 

1.4 

*  The  daily  rate  of  apposition  was  not  obtained  because  ground  sections  were  not 
available. 


TABLE  II 

Comparison  of  daily  weight  gains  and  rate  of  apposition  of  dentin  of  upper  incisor  after 
injection  of  SrClt  and  alizarin  in  varying  concentrations 


Explanation  of  abbreviations:  0.3A  and  l.OA,  0.3  and  1.0  cc.  respectively  2%  alizarin 
red  S;  0.7S,  1.4S  and  2.75S,  1.0  cc.  respectively  of  0.7%,  1.4%  and  2.75%  Strontium  chloride. 


BAT 

NO. 

SEX 

AGE  AT 

STABT 

WEIGHT  IN  GBAMS  AT: 

INJECTION 

SrCl, 

MG./ 

KILO. 

BODY 

WEIGHT 

ALIZA¬ 

RIN 

HG./ 

KILO. 

BODY 

WEIGHT 

TIME 

OF 

EXP. 

DAILY 

WT. 

GAIN 

DAILY  KATE 
OP  DENTIN 
APPOS. 
AFTEK  INJ. 

of: 

1st 

inj. 

3rd 

inj. 

End  of 
exp. 

1st 

2nd 

3rd 

4th 

Aliz 

SrCl. 

days 

days 

grams 

M 

ft 

262 

o' 

36 

62.3 

65 

0.3A 

0.7S 

0.7S 

no 

100 

6 

0.4 

17.5 

18 

263 

o' 

36 

61.3 

61 

0.3A 

0.7S 

0.7S 

no 

100 

6 

-0.1 

19 

19.7 

259 

d" 

36 

65.5 

70.5 

0.3A 

1.4S 

1.4S 

220 

100 

6 

0.8 

18.7 

18.7 

260 

cf 

36 

59.4 

66.4 

0.3A 

1.4S 

1.4S 

220 

100 

6 

1.1 

21 

21 

264 

9 

36 

60.3 

62.5 

0.3  A 

2.75S 

2.75S 

450 

100 

6 

0.4 

16.5 

17.5 

267 

9 

36 

56.3 

57.2 

0.3  A 

2.75S 

2.75S 

450 

100 

6 

0.1 

19.5 

19.5 

102 

d* 

94 

294 

291 

2.75S 

l.OA 

2.75S 

90 

60 

7 

-0.4 

16 

15 

121 

9 

92 

280 

248* 

2.75S 

l.OA 

2.75S 

2.75S 

90 

70 

9 

15 

17 

115 

o' 

96 

263 

2.54 

255 

l.OA 

2.75S 

2.75S 

100 

70 

15 

-0.5 

16.2 

19.3 

508 

o' 

73 

141.5 

132.4 

161.2 

l.OA 

l.OA 

2.75S 

2.75S 

200 

140 

15 

1.3 

9.5 

20 

510 

9 

73 

118.2 

125.1 

121.1 

2.75S 

2.75S 

l.OA 

l.OA 

200 

160 

15 

0.2 

12 

19 

511 

9 

73 

133 

141.2 

138 

2.75S 

2.75S 

l.OA 

l.OA 

190 

140 

15 

0.3 

15.0 

20.0 

*  Gave  birth  to  litter  (6)  on  day  of  last  injection. 


per  cent.  The  2.75  per  cent  strontium  chloride  solution  is  an  isotonic  solution 
having  a  pH  of  5.2.  The  injections  were  given  subcutaneously  and  under  aseptic 
conditions.  Alizarin  red  S  in  2  per  cent  solution  was  administered  according  to 
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tho  nu'thod  doscrilMHl  hy  Schoiir,  Hoffman,  Sarnat  and  Eng('l  (Id).  Tho  ani¬ 
mals  w('r(‘  killed  by  prolonged  anaestlu'sia  with  ehlorofonn.  The  sj)<‘eim(*ns 
wen*  immediately  fixed  in  Zenker-Formol  (Maximow)  for  1  day  or  in  Bonin’s 
solution  for  2  days.  One-half  of  the  upper  and  lower  jaws  were  deealeifi<*d  in 
0  per  eent  nitric  acid,  embedded  in  eelloidin,  staiiRnl  with  hematoxylin-eosin, 
Mallory  or  impregnated  with  silver.  Fiom  the  upper  incisors  of  the  other  half 
of  tlu*  jaws,  ground  .section.s-  were  prepared  and  investigated  unstained. 

PTXDIXG8 

A.  General  Effect — Subcutaneous  injections  of  1  cc.  of  strontium  chloride*  in 
(loses  varying  from  0.7  to  2.75  per  cent  ])roduced  no  local  irritation  which  could 
be  observed  clinically.  The  animals  injected  1  or  more  times  with  Isotonic 
strontium  chloride  solution  gained  well  in  weight  compared  with  control  animals 
of  tlu*  same  litter  (Table  1).  The  daily  gain  in  weight  of  the  experimental  ani¬ 
mals  varied  from  1.2  to  8.2  gms.,  the  gain  of  the  control  animals  from  0.5  to 
4.3  gms. 

Intraperitoneal  injections  of  2  per  cent  alizarin  S  cau.sed  a  greater  weight  loss 
in  older  rats  than  in  younger.  In  the  cas(*s  where  strontium  was  administeivd 
before  alizarin  the  animals  gained  weight  after  the  inj(*ction  of  strontium  but 
lost  weight  after  the  injection  of  alizarin  (Table  II). 

B.  Effect  on  Enamel — The  changes  in  the  enamel  organ  after  the  injection  of 
small  do.s('s  of  strontium  chloride  were  limit(*d  to  the  ameloblasts  and  wen*  of 
very  slight  d(*gree.  Elevation  of  the  ameloblastic  layer  from  the  enamel  matrix 
was  s(*en  occasionally.  In  a  few  instances  a  delicate  incremental  line  could  be 
found  in  both  the  decalcifi(*d  and  the  ground  .sections. 

('.  Effeet  on  Dentin — Regular  and  distinct  marks  in  the  d(*ntin  are  prodiurd 
hv  small  do.ses  of  strontium,  even  after  the  injection  of  70  mg.  of  strontium 
chloiid(*  p(*i'  kilogram  of  body  weight.  4’lu*y  ])ersist  after  multiple  injections  as 
\v(*ll.  In  decalcified  sections  stauu'd  with  hematoxylin-(*osin  an  immeasurably 
thin  line  can  be  .si'cn.  This  line  is  stain(*d  more  inten.sely  with  hematoxylin 
than  the  dentin  fornu'd  previous  to  the  inj(*ction  (.//(/s’.  /  and  2).  The  dentin 
l)()rd(*ring  this  line  on  the  pidp  side  appears  striat(*d  due  to  the  alternate  arrang(*- 
ment  of  i)aired  light  and  dark  z()n(*s.  'Fhe  (*ff(*cts  are  most  distinct  in  the  middh* 
and  the  inci.sal  portions  of  the  tooth  than  in  the  basal  and  are  more  acc(*ntuat('(l 
on  the  labial  than  on  tlu*  lingual  side.  In  unstaiimd  ground  s('(*tions  onl.v  one 
eftVet  of  the  inj(*eti()ns  is  cl(*arl.v  visibh*.  An  extremel.v  delicate  liiu*  can  be 
ohs(*rv(*d  which  corn'sponds  to  ('ach  inj(*ction  of  strontium  chloride  solution 
(.//(/s.  <},  and  5).  d'his  liiu*  is  similar  to  tlu*  intensivel.v  stained  one  observ('d  in 
(l('calcifi(*d  s(*cti()ns. 

1).  Hate  of  Dentin  Apposition  The  distinct  marking  of  the  dentin  b.v  the 
inj(*ction  of  strontium  chloride  sugg('sted  tlu*  measurement  of  the  rate  of  dentin 

-  W(>  wish  to  tfiank  Dr.  Schour  for  the  us«>  of  tlie  e<|uipnu'nt  in  fiis  lal)oratory  in  preparing 
ground  sections.  We  also  wish  to  express  our  appreciation  to  Dr.  M.  HotYinan  and  Mr.  W. 
.1.  Furuta  for  tlu'ir  lielp  in  this  phase  of  the  inv(‘stigation. 
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s«Tti<(ii  of  upper  nit  incisor.  If/J  (Table  I), 
iteival  c)f  .■{  (lays  (S|  and  Sj).  Four  days  after  t 
■Hied  previous  to  iiijeetiou  as  well  as  afterwa 
edieation.  Hetweeu  2  strontium  lines  (S,  and 
ifiliiu'uislied.  Orix,  max,  X2:«). 

‘d  seeti<»ii  of  upper  rat  inei.sor.  K2t):f  (Table 
I  ee.  0.7%  Sr(  b  (S|,  Sj)  at  iiitm'vals of  2  days. 
Ueiiliu  lormed  before  alizarin  injection  app(* 
•II  alizarin  injeetion  and  first  strontium  ebloride 
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apposition  occurring  between  2  consecutive  injections.  The  method  of  measure¬ 
ment  was  the  same  Schour,  Hoffman,  Samat  and  Engel  (16)  employed  following 
the  injection  of  alizarin  and  sodium  fluoride.  The  measurements  repnirted  here 
were  made  on  the  labial  portion  of  ground  and  decalcified  sections  of  the  upper 
incisor. 

The  first  experiments  (Table  I)  showed  the  rate  of  dentin  apposition  to  be 
slightly  higher  than  would  be  expected  from  the  figures  reported  foUo^'ing  the 
injection  of  alizarin  red  S  into  young  rats  (7).  In  order  to  ascertain  that  the 
marks  observed  were  caused  by  strontium  and  to  compare  the  rate  of  dentin 
apposition  in  the  same  specimen,  rats  were  injected  with  strontium  chloride 
and  with  alizarin  red  S,  the  alizarin  being  injected  either  before,  between  or  after 
the  injections  of  strontium. 

Six  litter  mates  5  weeks  old  were  injected  w'ith  a  small  dose  of  alizarin  red  S 
and  2  days  later  were  given  2  injections  of  1  cc.  strontium  chloride  48  hours 
apart  in  concentrations  ranging  from  0.7  to  2.7  per  cent.  Although  the  rate  of 
dentin  apposition  showed  a  difference  after  alizarin  and  strontium  injections, 
the  numerical  significance  of  which  can  be  doubted,  direct  inspection  of  the  mi¬ 
croscopic  sections  suggested  a  higher  rate  after  the  strontium  injection  than  after 
alizarin  [figs.  2  (R263)  and  3,  (R262)].  Three  animals  from  different  litters, 
all  3  months  old  (Table  II,  R102,  121,  115),  showed  the  rate  of  dentin  apposition 
to  vary  according  to  figures  previously  reported  (15).  Two  of  3  animals  injected 
showed  a  greater  rate  of  dentin  apposition  after  strontium  injections  than  after 
alizarin  injections.  One  animal  showed  a  reverse  condition. 

Three  litter  mates  ranging  in  age  and  weight  betw’een  the  2  previous  groups 
received  2  alizarin  and  2  strontium  chloride  injections  (Table  II).  The  amount 
of  alizarin  injected  was  above  the  dosage  suggested  as  optimal  (16).  Between 
the  2  alizarin  injections,  respectively,  and  the  2  strontium  injections  there  was 
an  interval  of  3  days,  but  between  alizarin  and  strontium  there  was  a  4  day  in¬ 
terval  {figs.  4, 5  and  6).  In  all  instances  the  rate  of  dentin  apposition  was  found 
to  be  significantly  smaller  after  the  injection  of  alizarin  S  than  after  injection 
of  strontium.  The  rate  was  below’  the  average  after  the  injection  of  alizarin  and 
above  the  average  after  the  injection  of  strontium. 


Fig.  3.  Longitudinal  ground  section  of  upper  rat  incisor.  U262  (Table  11).  a,  alizarin 
line;  S,,  Sj,  strontium  lines  (1  cc.  0.7%  SrCU).  Injections  were  given  at  intervals  of  2  days 
and  2  days  after  last  injection  animal  was  sacrificed.  Orig.  mag.  X160. 

Fig.  4.  Longitudinal  ground  section  of  upper  rat  incisor.  ItSOS  (Table  11).  Two 
alizarin  injections  at  3  day  interval  (ai,  at).  .After  4  days  2  strontium  injections  (1  cc. 
2.75%)  at  interval  of  3  days.  Five  days  after  lust  injection  rat  was  sacrificed.  K,  enamel. 
Orig.  mag.  X140. 

Fig.  5.  Transverse  ground  section  of  upiH‘r  rat  incisor  11511  (Table  11).  Two  strontium 
injections  (Si,  St)  at  interval  of  3  days.  .After  4  days  2  alizarin  injections  at  interval  of  3 
days  (ui,  at).  Five  «lays  after  last  injection  rat  was  sacrificed.  E,  enamel.  Granulated 
appearance  of  the  dentin  formed  after  the  secoiul  alizarin  injection,  d.  U,  union  of  the 
2  alizarin  lines. 
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DISCUSSION 

Injections  of  strontium  chloride  proved  to  be  a  ver\’  feasible  method  for  es¬ 
tablishing  a  means  for  measuring  the  rate  of  dentin  apposition  even  in  concen¬ 
trations  of  70  mg.  per  kg.  of  bodj’  weight.  It  may  be  possible  that  even  smaller 
doses  will  leave  a  mark  in  the  forming  dentin. 

Pre\'iously  2  methods  to  measure  the  rate  of  dentin  apposition  have  been 
recommended:  the  injection  of  alizarin  and  fluorine.  All  3  methods,  alizarin,  * 
sodium  fluoride  and  strontium  chloride,  produce  marks  which  permit  the  measur-  | 
ing  of  the  increase  in  thickne.ss  or  the  incremental  apposition  of  the  dentin.  I 
The  point  must  be  stressed  that  these  methods  do  not  allow  the  measuring  of  | 
the  axial  growth  of  the  tooth  or  its  elongation.  All  3  methods  of  measuring  the  I 
incremental  apposition  have  in  common  the  use  of  drugs  which  influence  | 
dentin  formation  or  calcification. 

Alizarin  S  marks  the  layer  of  dentin  (and  bone)  which  is  calcifying,  presum¬ 
ably,  at  the  time  of  the  injection  (14).  Schour  and  his  co-workers  demonstrated 
a  temporary  loss  of  weight  after  the  injection  of  alizarin  S  and  stated  that  young 
rats  are  more  resistant  to  alizarin  than  old  animals.  These  observations  are 
confirmed  by  the  present  experiments.  In  addition,  the  present  experiments 
demonstrate  that  alizarin  in  doses  of  140  mg.  per  kg.  of  body  weight  produces 
disturbances  in  the  dentin  formation.  Fig.  5  shows  a  transverse  ground  section 
of  an  upper  rat  incisor.  At  intervals  of  3  days  this  animal  (#511)  received  2 
injections  of  strontium  chloride  and  2  injections  of  alizarin  S  in  a  concentration 
of  140  mg.  per  kg.  of  body  weight.  The  strontium  lines  are  found  parallel  to 
each  other  around  the  entire  circumference  of  the  tooth.  The  2  alizarin  lines, 
however,  unite  at  the  level  of  the  cemento-enamel  junction.  Schour  and  co¬ 
workers  (18,  b)  observed  that  in  vitamin  A  as  well  as  in  magnesium  deficiency 
the  cemento-enamel  junctions  are  critical  sites  where  the  growth  gradients 
change  suddenly.  Fig.  5  demonstrates  that  such  a  pathologic  change  might 
occasionally  be  produced  by  alizarin  S.  In  addition  fig.  5  .shows  that  the  dentin 
formed  after  the  second  alizarin  injection  has  a  granulated  appearance,  probably 
due  to  some  disturbance  in  formation  or  calcification.  Fig.  2  shows  that  the 
alizarin  injection  produces  changes  in  the  forming  dentin  which  can  be  observ’ed 
in  the  decalcified  section.  The  first  line,  ai,  occurred  apparently  at  the  time  of 
injection  and  the  second  line,  a^,  a  day  later.  From  these  findings  it  can  be 
concluded  that  alizarin  in  doses  higher  than  100  rng.  per  kg.  of  body  weight  may 
exert  not  only  a  systemic  effect  on  the  growth  of  the  entire  animal,  but  also  a 
local  effect  on  the  formation  and  calcification  of  dentin.  The  low'  rate  of  incre¬ 
mental  apposition  observed  aft<u-  the  injection  of  alizarin,  especially  in  the  older 
animals,  as  compared  with  that  after  the  injection  of  strontium  chloride  might 
f>e  explained,  at  least  partially,  by  a  general  depressing  effect  of  alizarin  S.  The 
retardation  Is  impressive  after  the  injection  of  alizarin  in  doses  higher  than  those 
suggested  as  optimal  (10). 

Sodium  fiuoiide  produces  lines  in  (enamel  and  dentin  which  are  formed  at  the 
time  of  its  administration.  'I  he  injuring  effect  oi  sodium  flouride  on  dentin  for- 
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mation  was  demonstrated  by  Schour  and  Smith  (19).  These  authors  found  that 
the  injection  of  sodium  flouride  produces  a  pair  of  layers,  a  light  layer  represent¬ 
ing  a  trauma  in  calcification,  and  a  dark  layer  representing  a  recovery  reaction. 
Doses  of  sodium  fluoride  large  enough  to  produce  a  fluorine  line  in  the  dentin 
cause  disturbances  in  the  enamel  also.  There  are  no  data  available  concerning 
the  influence  of  sodium  fluoride  injections  on  the  growi,h  curve  of  rats. 

Strontium  chloride  solution  in  small  doses  produces  changes  w’hich  are  almost 
entirely  confined  to  the  dentin.  Each  injection  causes  the  appearance  of  a  dark 
line  which  separates  the  dentin  formed  previous  to  the  injection  from  the  dentin 
deposited  after  the  injection.  This  line,  visible  in  ground  as  well  as  in  decalci¬ 
fied,  stained  sections,  serves  as  a  convenient  means  for  measuring  the  rate  of 
dentin  apposition.  In  decalcified,  stained  sections  a  striation  is  visible  which 
is  almost  invisible  in  unstained  ground  sections.  In  contrast  to  alizarin,  stron¬ 
tium  chloride  does  not  depress  the  growth  curve  of  rats  even  after  repeated  in¬ 
jections  of  small  doses.  The  larger  rate  of  incremental  apposition  after  injec¬ 
tions  of  strontium  chloride  compared  to  that  after  alizarin  injections  shows  that 
strontium  in  the  amounts  used  in  the  present  experiment  has  no  depressing  effect 
on  dentin  formation. 

The  drugs  used  as  a  means  for  measuring  the  rate  of  incremental  apposition 
exert  some  toxic  effect.  The  results  of  measuring  the  rate  of  incremental  dentin 
apposition  will  be  influenced  by  the  drug  and  the  concentrations  used. 

SUMMARY  AND  CONCLUSIONS 

1.  This  study  is  based  on  observations  made  on  23  rats,  23  to  96  daj’s  old, 
which  were  given  subcutaneous  single  or  multiple  injections  of  strontium  chlo¬ 
ride  in  concentrations  of  70  to  680  mg.  per  kg.  of  body  weight. 

2.  Subcutaneous  injections  of  strontium  chloride  even  in  a  concentration  of 
70  mg.  per  kg.  of  body  weight  produce  sharp  incremental  lines  in  the  dentin 
growing  and  calcifying  at  the  time.  These  markings  can  he  used  to  measure 
the  rate  of  dentin  appasition.  The  enamel  shows  a  less  sensitive  reaction  to 
strontium. 

3.  Single  and  multiple  injections  of  strontium  chloride  do  not  retanl  the  nor¬ 
mal  rate  of  increase  in  body  weight. 

4.  Measurement  of  the  rate  of  dentin  apposition  suggestetl  a  faster  rate  after 
injection  of  strontium  chloride  than  after  alizarin  red  S. 
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EFFECT  OF  SALIVA  OX  CAPILLARY  PERMEABILITY* 


B.  M.  LEVY,  B.A.,  D.D.S.,  and  J.  L.  T.  APPLETON,  D.D.S.,  Sc.D. 

School  of  DerUittry,  University  of  Pennsylvania,  Philadelphia,  Pa. 

A  particulate  dye,  injected  intravenously,  normally  escapes  from  the  circula¬ 
tion  relatively  slowly  and  stains  the  tissues  uniformly.  Bouffard  (1)  and  Gold¬ 
man  (2)  were  among  the  first  to  describe  this  phenomenon.  In  areas  to  which 
various  irritants  have  been  applied,  the  rate  of  diffusion  increases  to  such  a  de¬ 
gree  that  these  areas  become  deeply  stained,  establishing  a  clear  contrast  with 
the  faintly  colored  background.  The  local  staining  of  a  test  site  in  the  skin  of  a 
rabbit  has  been  employed  as  a  means  of  demonstrating  changes  in  capillarj* 
permeability  (3). 

EXPERIMENTAL 

0.2  cc.  of  centrifuged  human,  mixed  saliva  was  injected  into  the  normal  skin 
of  a  rabbit’s  abdomen.  This  was  immediately  followed  by  an  intravenous  in¬ 
jection  of  7  cc.  of  1  per  cent  trj'pan  blue  into  the  same  animal.  Within  5  minutes, 
a  blue  “blotch”  appeared  at  the  site  of  the  saliva  injection.  Usually  the  blotch 
first  appears  as  a  blue  ring  around  the  border  of  the  bleb,  which  rapidly  takes 
on  a  solid  blue  color.  The  size  of  the  bleb  is  about  1.5  cm.  by  1.0  cm.  con¬ 
trol  intradermal  injection  of  turpentine  in  the  same  animal  caused  the  appearance 
of  a  similar  blue  blotch. 

Saliva,  per  se,  is  not  usually  considered  an  irritant.  We  might  consider  the 
living  bacteria  normally  found  in  saliva  an  irritant  and,  :is  Mich,  the  factor  re¬ 
sponsible  for  the  increase  in  capillary  permeability.  To  verify  this  assumption, 
the  centrifuged  saliva  was  filtered  through  a  Jena  sintered  glass  filter  (Go  3). 
This  bacteria-free  .saliva  was  injected  into  the  skin  of  a  rabbit,  followed  by  an 
intravenous  injection  of  trypan  blue.  The  dye  rapidly  accumulateil  from  the 
blood  stream  at  the  site  of  this  saliva  injection.  We  may  therefon'  assume  that 
there  is  a  factor  in  saliva,  other  than  a  bacterial  irritant,  which  is  resixmsible 
for  the  increase  in  capillary  permeability.  In  an  effort  to  determine  which  factor 
or  factors  in  saliva  are  resijonsible  for  this  incrt'a.se  in  capillary  ix'rmeability,  we 
eliminated  sulistances  known  to  lx*  pn'sent  in  saliva,  injecting  the  ‘’residual” 
saliva  into  the  skin  of  the  rabbit.  We  tried  to  keep  the  unknown  factors  in  saliva 
at  a  minimum  by  adding  no  chemicals  to  it.  Sterile  saliva  contains  salts,  pro¬ 
teins,  and  enzymes.  Filtered  saliva  was  ust>tl  in  all  of  the  following  exjx'riments. 

We  prepan'd  a  relatively  salt-free  saliva  by  dialyzing  saliva  through  a  cellophane 
membrane  against  distilled  water  for  *24  hours  at  ice-box  temtx>raturt‘,  changing 

'  Hoad  at  th*>  10th  (ienorul  .Mta-tiiig  of  tiu*  liiteriiatittiial  .\8aoi‘iatioii  for  l>ental  Ue- 
Bearch,  St.  Ix>uiH,  Marrh  15  and  16,  1941  (J.  i).  Hea  20:  'iSl,  1941).  Iteivived  for  publica¬ 
tion  June  ‘27,  1942. 


505 


506 


B.  M.  LEVY  AXD  J.  L.  T.  APPLETON 


the  water  at  frequent  intervals.  The  enzjTne  system  was  inhibited  by  heating 
saliva  at  80°C.  for  10  minutes.  The  proteins  in  a  saliva  sample  were  denatured 
bj"  heating  at  100°C.  for  10  minutes.  We  extracted  a  sample  of  saliva  with 
ether  to  remove  ether-soluble  substances. 

0.2  cc.  of  each  of  the  above  mentioned  saliva  samples  were  injected  intrader- 
mally  into  the  pre\nously  depilatorized  skin  of  a  rabbit’s  abdomen.  Control  in¬ 
jections  of  untreated  sterile  filtered  saliva,  Ringer’s  solution  isotonic  with  saliva, 
phj’siologic  NaCl  solution,  horse  serum  diluted  with  Ringer’s  solution  isotonic 
with  saliva  to  the  same  protein  content  as  saliva  (0.5  per  cent)  and  distilled  water 
were  made.  These  injections  were  immediately  followed  by  an  intravenous 
injection  of  tiv'pan  blue.  The  results  of  this  work  are  shown  in  Table  I.  A 
positive  result  ir  iicates  a  localization  of  trypan  blue.  This  is  taken  as  evidence 
for  an  increase  "’i  capillary  permeability. 

Parotid  saliva  vas  isolated  and  injected  intradermally  as  the  previous  prepared 
samples  were.  The  result  of  this  experiment  is  also  showrn  in  Table  I.  The 
reaction  was  delayed,  that  is,  the  blue  blotch  app)eared  at  the  site  of  the  injection 


T.\BLE  I 


TEST  SAMPLE 

REACTION  i 

TEST  SAMPLE 

REACTION 

Diluted  Ringer’s . 

Saliva  heated  lOO^C.  5  min . 

■f  i 

Diluted  horse  serum . 

_ 

1  ' 

Sterile  distilled  water . 

Saliva  after  ether  extraction. . 

i  +  1 

Saliva  steril  untreated . 

+ 

i  +  i 

Physiologic  NaCl . 

_ 

(delayed)  | 

of  parotid  saliva  5  minutes  after  a  positive  result  was  obtained  with  whole  mixed 
saliva. 

WTiole  stimulated  centrifuged  saliva  was  diluted  with  sterile  distilled  water 
to  make  solutions  containing  80%,  50%,  20%,  10%,  and  5%  saliva.  When 
injected  intradermally  a  positive  “trypan  blue”  test  was  found  in  all  dilutions. 

DISCUSSION 

The  above  observations  show  that  the  factor  or  factors  in  saliva  which  are 
responsible  for  causing  an  increase  in  capillary  permeability  are  not  the  salts, 
proteins,  enzymes,  ether-soluble  substances,  mucin,  or  the  hypotonicity  of  saliva. 
The  salts  were  ruled  out  by  demonstrating  that  dialyzed  saliva  increases  capillary 
permeability,  while  Ringer’s  solution,  isotonic  with  saliva,  and  physiologic  NaG 
solution  fail  to  increase  capillary  permeability. 

The  possibility  of  protein  as  the  causative  factor  was  eliminated  by  showing 
that  the  injection  of  saliva,  after  its  proteins  have  been  denatured,  increases 
capillary  permeability.  On  the  other  hand,  the  injection  of  a  horse  .serum  .solu¬ 
tion  containing  the  same  amount  of  proteius  foreign  to  the  rabbit  as  saliva,  fails 
to  produce  this  result. 

The  observation  that  saliva,  heated  to  inhibit  the  action  of  its  enzymes,  in- 
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creases  capillary  permeability  proves  that  enzymes  are  not  the  responsible  factor. 
Ether-soluble  substances  were  ruled  out  by  the  demonstration  that  saliva  from 
which  ether-soluble  substances  are  removed  still  increases  capillarj'  permeability. 

The  fact  that  mucin-free  (parotid)  saUva  gives  a  positive  reaction,  although 
slightly  delayed,  indicates  that  mucin,  per  se,  is  not  responsible  for  the  increase 
of  capillary  permeability. 

Thus  it  IS  seen  that  a  hypotonic  solution,  containing  salts,  proteins,  and 
enzyn^es,  will  not  cause  an  increase  in  capillary  permeability.  There  must  be 
another  factor  in  saliva  which  produces  this  reaction.  This  factor  must  be  highly 
active,  since  solutions  containing  only  5  per  cent  saliva,  when  injected  intrader- 
mally,  promptly  cause  an  increase  in  capillar\'  permeability. 

This  increase  in  capillaiy  permeability  is  not  necessarily  saliva  acting  directly 
on  the  capillaries.  The  saliva  may  induce  the  tissues  to  release  histamine  or  a 
histamine-like  substance,  which  would  be  responsible  for  the  increase  in  capil¬ 
lar}’  permeability  (3).  From  inflammatory  exudates  Menkin  (4)  isolated  a 
substance  (leukotaxine)  which  increases  capillar}’  permeability  and  attracts 
leukocytes.  Saliva  has  both  these  properties  as  demonstrated  by  the  present 
studies  and  by  those  of  Dietz  (5).  The  property  of  increasing  capillary’  per¬ 
meability  is  not  removed  from  saliva  by  heating  it  to  100°C.  or  by  extraction 
with  ether.  Leukotaxine  also  is  thermostable  at  100°C.  and  is  insoluble  in  ether. 
In  respect  to  diffusibility  through  cellophane,  there  may  be  a  difference  between 
leukotaxine  and  the  saliva  factor  responsible  for  increasing  capillary’  permeability : 
but  the  procedures  employed  for  studying  diffusibility  were  not  strictly  com¬ 
parable. 

By  substituting  saliva  for  the  inflammatory’  exudate  in  Menkin’s  (6)  method 
for  the  isolation  of  leukotaxine,  we  were  able  to  obtain  a  cry’stalline  material 
which,  when  suspended  in  distilled  water  and  injected  intradermally,  induced 
prompt  increase  in  capillary  permeability. 

This  material  was  sent  to  Dr.  Menkin  to  have  its  possible  identity  with  leuko¬ 
taxine  verified.  He  reported  to  us  (7)  that  the  material  was  biologically  identical 
with  leukotaxine,  but  that  microscopically  the  ciy’stals  did  not  look  like  the  cry’s- 
tals  of  leukotaxine. 

CONCLUSIONS 

1.  The  intradermal  injection  of  saliva  results  in  a  prompt  increase  in  capillary 
permeability. 

2.  The  factor  in  saliva  which  is  responsible  for  this  increase  in  capillary  per¬ 
meability  is  not  a  protein,  salt,  or  enzyme. 

3.  There  is  a  substance  in  saliva  which,  isolated  in  crystalline  form,  increases 
capillary  permeability  and  is  biologically  similar  to  leukotaxine. 
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OPSONIN  IN  THE  SALIVA  OF  CARIES-NEGATIVE  AND  CARIES¬ 
POSITIVE  PATIENTS' 


CAROLYN  W.  HAMMOND,  M.A.  AND  JOSEPH  P.  WEINMANN,  M.D. 

From  the  Foundation  for  Dental  Research  of  the  Chicago  College  of  Denial  Surgery,  Chicago,  III. 

The  presence  of  opsonin  in  saliva  has  been  described  (1).  It  was  noted  in  the 
59  tests  recorded  in  that  paper  that  the  percentage  of  phagocj'tosis  showed  an 
extremely  great  range  for  each  of  the  3  organisms  used.  There  was  a  variation 
of  from  0-30  per  cent  for  Sarcina  lutea,  0-38  per  cent  for  Streptococcus  viridans 
and  0-78  per  cent  for  the  oral  lactobacillus.  The  patients  from  whom  the  sahva 
for  these  experiments  was  secured  were  selected  at  random  and  with  no  regard 
for  the  presence  or  absence  of  dental  caries.  However,  a  record  was  kept  of  the 
condition  of  the  teeth.  In  tabulating  the  results  it  was  noted  that  a  correlation 
existed  between  the  amount  of  caries  and  the  percentage  of  phagocj'tosis.  Saliva 
from  persons  with  rampant  caries  did  not  stimulate  phagocytosis  to  exceed  10 
per  cent  while  saliva  from  caries-free  persons  stimulated  phagoc>'tosis  as  much 
as  78  per  cent. 

As  a  result  of  this  observation  another  series  of  experiments  was  carried  out 
limiting  the  patients  to  those  who  were  either  caries-free  or  had  rampant  caries. 
The  caries-negative  patients  were  all  dental  students  at  the  University  of  Illinois 
and  were  made  available  through  the  courtesy  of  Dr.  M.  K.  Hine.  Each  person 
had  received  a  thorough  clinical  examination,  a  radiograph  had  been  made  and 
he  had  been  proved  caries-inactive  according  to  the  tests  of  Hadley  (2),  Fosdick 
(3)  and  Blayney  (4).  The  persons  with  rampant  caries  were  secured  through 
the  director  of  the  examination  room  of  the  Chicago  College  of  Dental  Surger>'. 

Blood  was  obtained  from  hospital  patients  by  venous  puncture  and  was 
oxalated.  It  was  centrifuged  slowly  to  induce  the  formation  of  a  “buffy  coat.” 
The  leucocytes  were  pipetted  off  and  were  washed  4  times  in  physiologic  salt 
solution.  Senim  was  secured  from  clotted  blootl  tlrawn  at  the  same  time  as  the 
oxalated  blood. 

The  organism  used  was  an  oral  lactobacillus  because  it  hatl  shown  the  greatest 
range  in  phagocytosis.  The  lactobaeilli  were  grown  24  hours  in  I  per  cent  dex¬ 
trose  broth.  They  were  centrifuged,  wa.shed  twice  in  physiologic  .salt  solution 
and  were  then  sus|)ended  in  10  drops  of  .salt  solution. 

Two  to  3  cc.  of  unstimulated  saliva  wen‘  collected  from  each  j>atient.  The 
saliva  was  plated  out  on  tomato  jigar  (pH  5.0)  according  to  the  metluxl  of  Hadley 
(2)  as  a  check  on  its  content  of  acid-producing  bacteria.  With  one  exception 
the  caries-free  jx'rsons  were  consistently  negative  and  the  rampant  group 
positive. 

‘Presented  at  the  20th  llenerul  .Meeting  of  the  International  .\sst>eiation  for  Dental 
Rest'arch,  New  York,  .Mandi  H  16,  l‘.H2.  Received  for  publication  June  30,  1042. 
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The  technique  for  the  tests  was  the  same  as  that  described  in  the  first  ex¬ 
periments  (1). 

Thirty-eight  persons  were  used  for  the  tests;  10  of  these  had  rampant  caries 
and  18  were  caries-free.  Of  the  caries-free  persons  3  had  several  tests  made, 
one  individual  was  used  3  times  and  two  were  used  4  times  each.  The  saliva  of 
one  individual  who  had  consistently  had  negative  tomato  agar  plate  counts 
showed  only  14  per  cent  phagocytosis  the  first  time  used.  This  was  lower  than 
any  from  the  caries-free  indmduals  had  been  previously.  The  tomato  agar 
plate  indicated  that  this  saliva  had  become  positive  for  acid-producing  organ¬ 
isms.  It  remained  positive  for  approximately  6  months  and  the  2  phagoc3d;oi3is 
tests  done  during  this  time  showed  a  drop  in  the  index  to  8  per  cent.  The  fourth 
phagocytosis  test,  done  6  months  later,  showed  a  rise  to  44  per  cent.  This  rise 
coincided  with  the  appearance  of  the  first  negative  plate  in  6  months. 

Ten  of  the  caries-free  group  had  apparently  been  caries-free  all  their  lives  as 
they  had  no  fillings  and  there  was  no  evidence  of  caries  by  any  of  the  known 
methods  of  examination.  Eight  of  the  caries-free  group  had  been  caries-posi¬ 
tive  at  some  time  as  each  had  at  least  one  filling.  However,  they  had  been  caries- 
inactive  for  a  number  of  years  as  all  the  fillings  were  several  years  old  and  no 
evidence  of  caries  activity  could  be  found  by  any  test.  There  was  no  difference 
in  the  phagocytic  index  of  this  group  and  the  caries-free  group  without  fillings. 

Excluding  the  individual  whose  phagocytic  index  dropped  to  8  per  cent  when 
he  became  positive  for  acid-producing  bacteria,  the  indices  ranged  from  20-60 
per  cent  with  an  average  of  45.7  jjer  cent  for  the  caries-free  group.  The  indices 
for  the  rampant  group  ranged  from  0-10  per  cent  with  an  average  of  4  per  cent. 

In  the  experiments  previously  reported  (1)  it  was  noticed  that  when  both 
saliva  and  serum  were  used  with  organisms  and  leucocytes,  the  saliva  apparently 
exerted  a  depressing  effect  on  the  opsonic  activity  of  the  serum.  The  more  re¬ 
cent  experiments  show  that  the  depressing  effect  is  most  marked  in  persons  with 
rampant  caries.  Saliva  from  caries-free  persons  depresses  the  opsonic  activity 
of  serum  very  little.  Hektoen  and  Ruediger  (5)  found  that  certain  salts  affect 
serum  in  such  a  way  that  an  antiphagocytic  effect  is  produced.  Perhaps  the 
presence  of  such  a  salt  may  explain  the  inhibitory  effect  on  .serum  of  saliva  from 
persons  with  rampant  caries. 

In  order  to  identify  further  the  nature  of  the  phagocytosis-stimulating  factor 
dilution  experiments  were  done  using  saliva  from  individuals  who  were  caries- 
free.  It  was  possible  to  dilute  out  this  factor  in  saliva.  A  1-10  dilution  reduced 
it  considerably  ;  1-100  reduced  it  further  and  1-1000  to  1-1,000,000  inhibited  it 
completely.  This  is  in  accord  with  the  findings  of  Hektoen  and  Ruediger  (5) 
who  were  able  to  dilute  out  the  opsonin  in  serum. 

SUMMARY 

Thirty-five  phagocytosis  exf>eriments  were  carried  out  using  saliva  from  18 
caries-free  individuals  and  10  with  rampant  caries.  The  saliva  from  the  caries- 
free  persons  stimulated  37  jM^r  cent  of  the  leucocytes  (average)  to  take  up  bacteria. 
Saliva  from  jjerscjns  with  rampant  caries  stimulated  only  4  per  cent  of  the  leu- 
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cocytes  (average)  to  take  up  bacteria.  When  both  saliva  and  serum  were  used 
in  the  tests  an  inhibition  of  the  opsonic  action  of  the  serum  was  noted.  This 
inhibition  was  very  slivii  when  saliva  from  caries-free  persons  was  used  but  was 
very  marked  when  sai>va  from  persons  with  rampant  caries  was  used. 

The  authors  wish  to  express  their  gratitude  to  Dr.  L.  Hektoen  for  his  advice,  suggestions 
and  criticism. 
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THE  EFFECT  OF  A  LOW  CALCIUM  AND  VITAMIN  D  FREE  DIET  ON 
THE  SKELETON  AND  TEETH  OF  ADULT  RATS‘ 


AXEL  P.  LUND,  Ph.D.,  D.D.S.,  and  W.  D.  ARMSTRONG,  Ph.D.,  M.D. 

Laboratory  of  Dental  Research,  University  of  Minnesota,  Minneapolis,  Minn. 

Several  investigations  have  shown  that  the  histological  structure  and  the 
chemical  composition  of  the  continually  growing  incisor  tooth  of  the  rat  may  be 
altered  by  deficient  diets  (1,  2,  4,  6,  7,  13).  Toverud  (14)  investigated  the  in¬ 
fluence  of  a  calcium  low  diet  and  pregnancy  on  the  calcification  of  bone  and  teeth 
of  rats.  The  ash  content  of  the  femur  diaphysis  was  greatly  decreased,  while 
that  of  the  incisors  and  molars  was  3.5  per  cent  and  2.0  per  cent,  respectively, 
below  the  average  for  the  normal  control  rats.  Schour  (12)  has  concluded,  from 
a  review  of  his  work  and  that  of  others,  that  the  mineral  phase  of  mature  teeth  of 
limited  growth  is  not  susceptible  of  alteration.  However,  it  does  not  appear 
that  the  effect  of  a  low  calcium  and  vitamin  D  free  diet  on  the  composition  of  the 
bones  and  of  the  enamel  and  dentin  of  the  separately  examined  incisor  and 
molar  teeth  of  adult  rats  has  been  studied. 

EXPERIMENTAL 

Twenty  male  albino  rats  were  used  in  the  present  investigation.  Their  age 
of  11  months  and  their  average  initial  and  final  weights  of  332  and  343  gms. 
indicate  that  their  molar  teeth  were  fully  developed  at  the  beginning  of  the  ex¬ 
perimental  period.  All  animals  were  given,  for  5  weeks,  the  adequate  or  control 
diet  (Table  I)  to  adjust  them  to  the  experimental  conditions.  They  were  then 
divided  into  2  equal  groups.  One  group  was  continued  on  the  control  diet  for 
220  days  and  will  be  referred  to  as  the  control  group,  while  the  other  group  was 
given  the  experimental  diet  for  an  equal  time.  The  2  diets  (Table  I)  were  so 
constructed  as  to  include  equal  amounts  of  all  ingredients  and  elements  except 
calcium  and  vitamin  D.  The  calcium  and  phosphorus  contents  of  the  prepared 
diets,  as  determined  by  chemical  analysis,  is  given  in  Table  II.  The  animals 
were  fed  at  a  level  of  10  grams  of  these  prepared  diets  per  day  and  the  food  con¬ 
sumption  was  determined  daily.  Distilled  water  was  supplied  ad  libitum. 

After  the  5  week  preliminary  period  the  calcium  and  phosphorus  ingested  and 
the  calcium  and  phosphorus  in  the  combined  excreta  were  determined  for  each 
ten-day  period.  To  the  excreta  for  each  rat,  collected  in  an  800  cc.  Kjeldahl 
flask  were  added  100  cc.  of  concentrated  hydrochloric  acid,  and  the  contents 
heated  until  a  homogeneous  mixture  was  obtained.  This  mixture  was  cooled  to 

*  This  work  was  supported  by  a  grant  from  the  Carnegie  Corporation  while  one  of  us 
P.  L.)  held  a  Carnegie  Fellowship  in  Dens.stry.  Read  at  the  20th  General  Meeting  of 
the  International  Association  for  Dental  Research,  New  York,  March  14  and  15,  1942 
(J.  D.  Res.,  21:  335,  1942).  Received  for  publication  July  20,  1942. 
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room  temperature  and  made  up  to  a  known  volume.  Aliquots  of  this  solution 
were  wet  ashed  according  to  the  method  of  Neumann  (9).  Aliquots  of  the  wet 

TABLE  I 

Composition  of  the  diets 


CONTBOL  DIET 

EXPERIMENTAL  DIET 

per  cent 

per  cent 

Egg  white* . 

12.0 

12.0 

Salt  mixture . 

4.4 

2.773 

Embot . 

10.0 

10.0 

Cerelose . 

56.6 

58.227 

Corn  oil . 

5.0 

5.0  1 

Crisco . . 

12.0 

12.0  1 

Beta-carotine . 

1.6  gm./kgm.  of  food 

1.6  gm./kgm.  of  food  I 

Viosterol . 

0.2  gm./kgm.  of  food 

1.6  gm./kgm.  of  food 

Salt  mixture  for  the  control  dietX  (10) 

Ca  Citrate-4HiO .  154.83  gms. 

Ca  (HjPOOj-HsO .  56.62 

KtHP04  (anhyd.) .  109.86 

KCl . 62.64 

NaCl .  38.70 

CaCO, .  34.48 

MaCO, .  16.71 

MgS04 .  19.25 


Ferric  Citrate*li  HjO .  94.18  gms. 

XaF . -  3.68 

MnS04 .  1.17  [  B 

K2A1,(S04)4-24H,0 .  0.67 

KI .  0.30 

493.06  gms.  of  A  mixed  with  6.90  gms.  of  B  constitutes  the  salt  mixture  used  in  the  control 
diet. 

Salt  mixture  for  the  experimental  dietX 

KH2PO4  (anhyd.) .  44.50  gms.l 

XaHjP04-H20 .  16.25  | 

K2HPO4  (anhyd.) .  109.86  | 

MgCO, . ^ .  16.71 

MgS04  (anhyd.) .  19.25  ] 

307.91  gms.  of  Ai  mi.xed  with  6.90  gms.  of  B,  constitutes  the  salt  mixture  used  in  the 
experimental  diet. 


*  Commercial  egg  white.  Detoxified  according  to  the  method  of  Parsons  (11). 
t  A  General  Mills  Product  rich  in  thiamine,  riboflavin,  and  vitamin  E, 

J  Reagent  grade  chemicals  were  used  in  preparing  the  salt  mixtures. 

ashed  material  were  used  for  the  determination  of  calcium  according  to  standard 
methods  and  phosphorus  according  to  the  method  of  Fiske  and  Subbarow  (3) 
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as  adapted  for  the  use  of  the  Evel}^!  photoelectric  colorimeter.  The  sum  of  the 
data  obtained  for  each  group  per  10  day  period  was  divided  by  the  number  of 
animals,  thus  giving  average  value  for  calcium  and  phosphorus  excreted  per  rat 
per  10  day  period.  From  these  data,  and  from  the  data  of  food  consumption, 
the  mean  intake  and  excretion  of  calcium  and  phosphorus  for  an  average  rat  for 
an  average  10  day  period  during  the  220  days  of  observation  employing  the 
different  diets  was  calculated  and  the  standard  deviations  (Sx)  computed.  The 
data  with  regard  to  mineral  balance  are  shown  in  Table  III. 

When  the  animals  were  sacrificed,  the  carcasses  were  boiled  in  water  and  the 
soft  tissues  removed  by  dissection.  The  humeri,  femurs,  molar  and  incisor  teeth 
were  cleaned  and  preserved  in  alcohol. 


T.\BLE  II 

Calcium  and  phosphorus  in  the  experimental  and  control  diets 


DIET 

Ca 

P 

PEB  CENT  Ca:  PEB 
CENT  P 

Experimental  diet . 

per  cent 

0.007 

per  cent 

0.451 

0.015 

Control  diet . 

0.462 

0.458 

0.009 

T.4BLE  III 


Average  calcium  and  phosphorus  ingested  and  excreted  per  rat  for  an  average  of  20  10-day 
periods  together  with  the  standard  deviation  of  the  means 
Results  in  milligrams 


GSOUP 

Ca  Si 

Ca  Sz 

P  Si 

P  Si 

Ingested 

Excreted 

Ingested 

Excreted 

Experimental . 

6.8  ±  0.58 
455.2  ±33.88 

33.7  ±16.53 
422.9  ±42.45 

457.8  ±38.68 
405.0  ±33.00 

423.5  ±81.44 
433.2  ±65.58 

Control . 

During  the  removal  of  the  teeth  from  the  alveolar  bone  the  following  observa¬ 
tions  were  made:  In  the  experimental  group  the  alveolar  bone  was  very  soft  and 
friable.  The  alveolar  crest  was  resorbed  and  the  teeth  were  loose.  The  molar 
teeth  of  the  members  of  the  experimental  group  showed  more  wear  of  the  occlusal 
surfaces  than  those  of  the  control  group.®  In  the  control  group,  on  the  other 
hand,  the  alveolar  crest  displayed  no  resorption,  and  the  teeth  were  firm  in  their 
sockets.  The  incisor  teeth  appeared  to  be  as  well  developed  in  the  experimental 
group  as  in  the  control  group.  The  mean  weight  of  the  cleaned,  fat  extracted 
and  dried  incisor  teeth  of  single  animals  was  0.4258  ±  0.0200  (Sx)  and  0.4210 
±  0.0346  (Sx)  gms.  for  the  experimental  and  control  groups  respectively. 

The  long  bones  were  rendered  fat  free  by  continuous  extraction  for  24  hours 
using  a  Soxhlet  extractor  with  alcohol  and  ether  as  the  solvent.  They  were 

’  This  excessive  attrition  may  have  been  due  to  occlusal  trauma  caused  by  the  looseness 
of  the  teeth  rather  than  to  softness  of  the  teeth. 
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dried  in  an  oven  at  110®  for  12  hours,  cooled  and  weighed.  The  left  humerus 
was  used  to  determine  percentage  of  calcium  and  phosphorus,  and  calcium  and 
phosphorus  per  cubic  centimeter  of  bone.  In  order  to  determine  the  volume  of 
the  bone,  a  special  pycnometer  was  designed,  wherein  mercury  was  used  as  a 
submersion  medium.  The  determinations  were  made  at  a  definite  temperature 
in  order  that  the  weight  of  pycnometer  filled  with  mercury  would  be  a  constant 
value,  and  that  the  volume  of  the  mercury  displaced  by  the  bone  could  be  cal¬ 
culated  without  appljdng  corrections.  Volume  and  denisty  of  the  bones  were 
calculated  as  follows: 

Vol.  of  bone  =  { [Wt.  of  pycnometer  full  of  Hg]  —  [(Wt.  of  pycnometer  -f 
Hg  +  bone)  —  (Wt.  of  bone®)]}  (times) 

Vol.  of  1  gm.  of  Hg  at  experimental  temperature. 

Density  of  bone  =  Vol.  of  bone/Wt.  of  bone  before  immersion  in  Hg. 

To  test  the  accuracy  of  the  method  5  determinations  of  the  volumes  of  3 
humeri  from  different  rats  were  carried  out.  The  results  in  terms  of  cubic  cen¬ 
timeters  were  as  follows: 

Bont  Aver  ate  volume  ±  Standard  deviation 

1  0.122  ±0.0021 

2  0.140  ±0.0005 

3  0.139  ±0.0012 


The  average  volume  in  cubic  centimeters  and  the  average  density  together 
with  the  standard  deviation  were  determined  for  the  left  humeri  for  both  the 
experimental  and  control  groups.  The  results  were  as  follows: 


G80UP 

AVE.  VOL.  ±  Sx 

AVE.  DENSITV  ±  Sx 

Experimental . 

0.198  ±0.0200 

0.994  ±0.0646 

Cktntrol . 

0.194  ±0.0220 

1.111  ±0.0600 

Each  left  humerus  was  dLs.solved  in  normal  hydrochloric  acid  and  made  up 
to  volume.  Aliquots  of  this  solution  were  u.sed  for  the  determination  of  calcium 
and  phosphorus  by  the  methods  mentioned  above.  The  percentages  of  calcium 
and  phosphorus  on  the  weight  per  cent  basis  and  in  terms  of  unit  volume  of  bone 
were  calculated.  The  average  re.sults,  are  given  in  Table  IV. 

llie  left  femur  from  each  animal,  prepared  for  analysis  as  described  above, 
was  used  for  ash  determination.  The  average  re.sults  are  as  follows:  Experi¬ 
mental  group  65.21  ±  2.74  per  cent,  control  group  65.83  ±  1.78  per  cent. 

The  incisor  and  molar  teeth  were  separately  crushed,  fat  extracted  and  dried 
as  descril>ed  above  and  crushed  in  a  diamond  mortar  until  all  particles  pas-sed 
through  a  100-mesh  sieve.  The  molar  teeth  from  the  experimental  animals 
crushed  easily,  but  vigorous  pounding  on  the  pestle  with  a  hammer  was  neces- 

*  The  weight  of  the  b<jne  after  submersion  in  mercury  was  subtracted  in  the  above  equa¬ 
tion  rather  than  the  true  weight  since  a  small  hut  variable  quantity  of  mercury  may  enter 
the  i>orous  bones. 
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sary  to  crush  the  molar  teeth  from  the  control  animals.  The  friability  of  the 
incisor  teeth  of  the  2  groups  was  not  noticeably  different.  The  enamel  and 
dentin  was  separated  into  5  fractions  according  to  the  method  of  Manly  and 

TABLE  IV 


Average  contents  of  calcium  and  phosphorus  in  the  humeri  together  with  the  standard  deviations 


GEOVP 

Ca 

P 

MGM.  Ca/cc.  BONE 

MGU.  P/CC.  BONE 

Experimental . 

per  cent 

25.3  ±0.88 

percent 

11.74  ±1.07 

251.0  ±17.35 

115.6  ±13.18 

Control . 

26.17  ±0.49 

12.58  ±0.31 

301.9  ±37.30 

139.5  ±15.50 

Tooth  substance 


Enamel 


2.710 


Dentin-cementum 


I  2.840  1 

Pure  enamel-  Enamel- 

density  >  2.840  density 

>  2.710  <  2.840 


Dentin- 
density 
)  2.420  <  2.710 


2.420  I 

Dentin-cementum 


1  2.070  ! 

Pure  dentin-  Cementum- 

density  density  <  2.070 

>  2.070  <  2.420 


Fig.  1.  Separation  of  powdered  teeth  into  fractions  according  to  density.  Numbers 
enclosed  within  symbols  )  and  <  refer  to  the  density  limits  of  each  fraction.  Numbers  not 
so  enclosed  refer  to  density  of  liquid  employed  at  indicated  place  for  separation  of  various 
fractions. 


TABLE  V 


Average  composition  of  fractions  of  incisor  and  molar  teeth 


DENSITY 

EXPUtlMENTAl.  ANIMALS 

CONTBOL  ANIMALS 

Ca 

P 

Ca 

P 

per  cent 

per  cent 

per  cent 

per  cent 

Incisor  teeth 

>2.093  <2.414 

25,51  ±0.84 

15.18  ±0.27 

•26.35  ±1.08 

14  84  ±0.61 

>2.414  <2.701 

33.84  ±1.09 

16.69  ±0.49 

33.91  ±0.68 

16.75  ±0.30 

>2.701  <2.84 

37.73  ±1.83 

17.97  ±0.90 

37.51  ±0.12 

17.98  ±0.65 

>2.840 

38.41  ±0.16 

18.29  ±0.88 

38.46  ±0.75 

18  ‘24  ±0.15 

Molar  teeth 

>2.037  <2.425 

30.23  ±0.93 

13.79  ±(V33 

30  ‘24  ±0  60 

13.79  ±0.79 

>2.425  <2.711 

35.40  ±1.44 

16  53  ±0.45 

35.42  ±1.42 

16.82  ±0  63 

>2.711  <2.841 

36.18  ±0.80 

17.07  ±0  39 

36.53  ±1  1)9 

16  90  ±0.40 

>2.840 

36.86  ±0.92 

17.67  ±0.56 

36.73  ±2  73 

17.65  ±1.18 

Hodge  (8).  A  diagrammatic  description  of  the  course  of  the  separations  and 
the  density  limits  of  each  fraction  is  shown  1. 

These  fraction  of  tooth  substance  were  drieil  in  the  oven  at  1 10°  for  1  hour, 
and  samples  were  weighed  on  a  semi-micro  balance,  dissolvtnl  in  normal  hyditv 
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chloric  acid  and  made  up  to  volume.  Aliquots  of  these  solutions  were  used  in 
determining  calcium  and  phosphorus  according  to  the  methods  listed  above. 
The  percentage  of  calcium  and  phosphorus  was  calculated  together  with  the 
average  values  and  standard  deviation  of  the  means  for  each  group  of  animals. 
The  results  are  shown  in  Table  V.  The  indicated  density  limits  of  the  fractions 
showTi  in  Table  V  are  the  determined  densities  of  the  fluids  used  in  the  isolation 
of  the  fractions. 


SUMMARY  AND  CONCLUSIONS 

The  influence  of  a  diet  very  low  in  calcium  and  essentially  vitamin  D  free, 
but  otherwise  adequate,  on  the  calcium  and  phosphorus  balance  and  on  the 
composition  of  the  skeleton  and  of  the  enamel  and  dentin  of  adult  rats  has  teen 
studied. 

The  animals  on  the  experimental  diet  were  in  a  negative  calcium  balance 
during  the  experimental  period. 

The  molar  teeth  from  the  experimental  rats  were  friable,  but  chemical  analysis 
does  not  reveal  any  decalcification.  The  alveolar  bone  of  these  animals,  how¬ 
ever,  was  decalc.ned,  the  alveolar  crest  resorbed  and  the  teeth  loose  in  their 
sockets.  The  incisor  teeth  from  the  experimental  rats  grew  and  developed 
normally  in  weight  and  chemical  composition. 

The  average  ash  content  of  the  femurs  of  the  experimental  rats  was  not  sig¬ 
nificantly  lower  than  that  of  the  control  group. 

The  average  density  of  the  humeri  from  the  experimental  animals  was  de¬ 
creased,  but  their  volume  was  not  altered.  The  percentage  of  calcium  and  phos¬ 
phorus  per  unit  weight  of  bone  does  not  distinguish  osteoporotic  bones  from 
normal  bones,  but  calculations  of  weight  of  calcium  or  phosphorus  or  ash  per 
unit  volume  of  bone  may  serve  to  indicate  the  degree  of  osteoporosis. 

The  data  indicate,  under  the  conditions  which  produced  osteoporosis  of  this 
experiment,  that  bone  substance  is  lost  from  the  interior  of  the  bone  without 
loss  from  the  surface  and  that  the  mineral  and  organic  phases  are  proportionally 
decreased  in  the  osteoporotic  bone. 
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INTRODUCTION 

Although  there  can  be  little  doubt  that  bone  phosphatase  plays  an  important 
part  in  the  formation  of  calcified  structures  in  the  body,  its  exact  relationship 
to  other  determining  factors  is  far  from  clear.  The  occurrence  of  the  enzyme 
in  tissues  which  never  normally  calcify  (e.g.,  intestinal  mucosa,  kidney)  clearly 
shows  the  inadequacy  of  any  simple  theory  based  on  phosphatase  alone.  This 
is  not  surprising  in  view  of  the  multiplicity  of  chemical  factors — vitamins,  hor¬ 
mones,  and  inorganic  ions — known  to  influence  the  deposition  of  bone.  Robison 
and  coworkers,  who  have  been  outstanding  in  the  field  of  phosphatase  studies, 
have  recognized  for  some  time  the  existence  of  a  “second  mechanism”  of  calcifica¬ 
tion,  the  presence  of  which,  in  conjunction  with  phosphatase,  is  necessary  for 
normal  calcification.  The  “second  mechanism”  can  be  experimentally  distin¬ 
guished  from  the  phosphatase  mechanism  by  its  sensitivity  toward  fluoride, 
iodoacetate,  and  glucose  (1).  The  “second  mechanism”  has  been  the  subject  of 
numerous  investigations,  but  its  nature  has  not  yet  been  elucidated. 

One  of  the  requirements  of  a  theory  of  calcification  is  that  it  explain  the  source 
of  the  phosphoric  esters  which  form  the  substrate  of  bone  phosphatase.  The 
small  amount  of  organic  acid-soluble  phosphorus  in  the  plasma  Gess  than  0.5 
mg.  per  cent)  seems  hardly  sufficient  to  cover  the  requirement.  Such  a  source 
of  phosphoric  esters  would  seem  to  be  provided  by  the  glycogen  which  has  long 
been  known  to  occur  in  cartilage  (2)  and  which  more  recently  has  been  shown 
also  in  the  osteogenic  tissue  of  endomembranous  bone  (3).  This  suggestion, 
first  put  forward  by  Harris  (3),  has  recently  received  additional  support.  Glock 
(4)  has  demonstrated  by  chemical  and  histological  methods  that  the  glycogen  of 
calcifying  cartilage  first  increases  to  a  maximum  and  then  falls  off  as  calcification 
proceeds.  She  has  shown  that  in  the  long  bones,  glycogen  is  principally  located 
in  the  region  of  the  primary  center  of  ossification,  a  point  which  has  likewise 
been  emphasized  by  Harris  (5). 

It  is  well  known  that  glycolysis  in  muscle  involves  the  degradation  of  glycogen 
through  a  series  of  phosphoric  esters.  Cori  (6)  has  shown  that  the  first  step  in 
the  degradation  consists  in  the  cleavage  of  glycogen  into  glucose-l-phosphate, 
with  the  uptake  of  inorganic  phosphate: 

glycogen  -H  H|P04  =  glucose-l-phosphate. 

*  Received  for  publication  July  *20,  1942. 

*  Present  address,  Biolo(i;y  Dept.,  Stanford  University,  California. 
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The  reaction  is  catalysed  by  an  enzjTne,  phosphorjdase,  and  a  co-enzyme,  adenylic 
acid.  It  has  recently  been  showm  (7)  that  rabbit  epiphyses  contain  a  similar 
enzjTnt  capable  of  carrjdng  out  phosphorolysis  of  glycogen  in  the  presence  of 
adenylic  acid. 

It  is  thus  seen  that  a  fair  amount  of  evidence  exists  in  favor  of  the  glycogen 
hjTwthesis.  Not  the  least  attractive  aspect  of  this  view  is  that  it  may  explain 
the  nature  of  the  “second  mechanism”  and  its  inhibition  by  substances  known  to 
poison  the  glycolytic  process. 

The  purpose  of  the  present  investigation  is  to  study  the  occurrence  and  localiza¬ 
tion  of  phosphatase  and  glycogen  in  the  developing  fetus,  with  special  reference 
to  the  bones  of  the  head.  Such  information,  obtained  at  the  same  time  on  the 
same  species — in  some  cases  on  the  same  animal — is  of  interest  in  connection 
with  the  postulated  relationship  of  glycogen  to  phosphatase  in  calcifying  tissues. 
Specifically,  it  is  desired  to  know  the  distribution  of  phosphatase  and  glycogen 
in  endochondral  and  endomembranous  bones  and  in  teeth ;  how  the  distribution 
changes  during  fetal  development ;  and  the  relation,  if  any,  between  phosphatase 
and  glycogen  content  and  calcification. 

METHODS 

This  study  is  ba.sed  chiefly  on  fetal  rats.  The  time  of  fertilization  was  deter¬ 
mined  by  examining  vaginal  smears  of  the  breeding  females  for  spermatozoa. 
This  was  done  daily,  the  fetal  age  being  dated  from  the  first  occurrence  of  sperms 
in  the  smear.  When  the  desired  stage  of  gestation  had  been  reached  the  animal 
was  killed  by  a  blow  on  the  head,  and  the  fetuses  were  immediately  dissected 
out.  The  heads  were  removed  and  fixed  in  95%  alcohol.  They  were  then  nm 
through  dioxane  and  imbedded  in  paraffin.  Serial  transverse  (coronal)  sections 
were  made  at  a  thickness  of  15m.  Particular  attention  was  paid  to  the  region 
containing  the  first  molars,  since  the.se  bear  the  closest  resemblance  to  human 
teeth.  In  addition  to  the  rat  material,  3. fresh  human  fetuses  (22,  31,  and  33 
mm.)  were  obtained  and  studied. 

Phosphatase  was  determined  by  the  method  of  Gomori  (8).  In  this 
method,  sections  are  incubated  at  37°C.  in  a  solution  of  na-betaglycerophos- 
phate  and  calcium  ion.  Hydrolysis  of  the  ester  by  tis.sue  phosphatase  results 
in  the  deposition,  within  the  sections,  of  an  insoluble  calcium  phosphate,  which 
is  subsequently  converted  to  black  cobaltous  sulfide.  The  present  author 
finds  that  the  speed  and  sensitivity  of  the  method  are  considerably  increased  by 
adding  Mg  ion  to  a  final  concentration  of  M/300  and  buffering  the  solution  at 
pH  9  with  0.5%  veronal#  The.se  conditions  are  known  to  be  optimum  for  bone 
phwphatase.  The  incubation  period  is  2  hours.  The  method  does  not  distin¬ 
guish  between  preformcid  bone  and  experimentally  deposited  calcium  phosphate. 
For  this  reason,  controls  were  run  to  determine  the  extent  of  calcification  at  each 
developmental  stage.  In  most  cases  this  was  negligible  in  comparison  with  the 
amount  of  calcium  phosphate  found  after  incubation. 

Glycogen  was  stained  by  the  iodine  method  of  Gage.  This  was  checked  in  a 
numlxjr  of  instances  by  llest’s  stain  and  by  the  Hauer-Feulgen  method.  The 
results  obtained  by  all  threii  methods  were  in  goo<l  agreement. 
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Rat  fetuses  were  oV)tained  at  13,  15,  17,  and  20  days  of  gestation.  Since 
phosphatase  is  destroyed  by  acid,  a  study  of  newlwrn  animals  was  preclude<l 
by  the  necessity  of  decalcifying  them  before  sectioning. 

Some  preliminary  experiments  were  performed  to  show  that  phosphata.se  was 
actually  what  was  being  determined.  It  was  found  that  sections  which  have 
been  heated  to  100°C.  for  a  few  minutes  formed  no  calcium  phosphate  on  incuba¬ 
tion.  Likewise,  no  reaction  occurred  when  the  phosphoric  ester  was  omitted 
from  the  incubation  medium.  The  pH  optimum  of  the  reaction  was  determined 
on  sections  of  a  17  day  fetus  with  the  results  indicated  Ijelow.  The  den^i  ..  of 
the  de{)osit  in  the  region  of  the  mandible  is  indicated  by  a  numlx^r,  0  .^»resenting 
no  reaction,  5  representing  the  maximum: 


pH  Denaity 

fi  (aretatc  buffer) .  0 

7  (veronal  buffer) .  <1 

S  (  “  “  ) .  3 

iM  “  “  ) .  o 

10  (  “  “  ) .  4 


Incubated  for  2  hours  at  37°  C. 

It  is  clear  from  these  data  that  bone  phosphata.se  is  involved  in  the  reaction  Iteing 
consideretl. 

13  (layfftiis.  (llasstone  (9)  gives  13  days  a.s  the  time  of  the  beginning  of  timth- 
hud  formation  in  the  rat.  Fetuses  obtained  at  this  age  were  still  in  the  gill  arch 
stage,  with  no  evidences  of  tooth-bud  formation  or  other  skeletal  development. 
They  were  devoid  of  phosphatase.  The  author  is  thei’efore  inclined  to  place  the 
beginning  of  tooth-bud  formation  at  the  14th  tlay  of  fetal  ilevelopment ,  in  agrw- 
ment  with  Addison  and  Appleton  (10). 

to  (Jay  fetus.  In  the  15  day  fetus,  localizetl  thickening  and  proliferation  of  the 
mouth  epithelium  mark  the  dental  lamina.  C'alcitieation  of  the  head  has  not 
yet  started,  but  a  strong  pluxsphata.se  reaction  is  observed  in  .several  ivgions 
(Jiy.  I).  'Fhese  legions,  in  descending  ordtu-  of  diuisity  tif  deposit  aiv:  privsjH'ctive 
mandible,  lateral  as|K‘ct  of  prosjx'etivt*  cranium,  anterior  part  of  prosjx'ctive 
maxilla  (i.e.,  premaxillary  portion),  lens  epithelium  (es|H‘cially  in  the  prolifera¬ 
tive  zone),  rim  of  the  optic  cup,  and  the  connective  tissue  layer  of  the  villi  of  the 
choroid  plexus.  It  is  of  inten'st  to  note  that  the  pros|H'ctive  ivgions  of  calcitica- 
tion  beconu*  chemically  dilTenuitiated  from  the  .surrounding  tissues  Indore  any 
apparent  morphological  din'erentiation  of  osteogenic  tissue  has  occurrtHl. 

The  test  for  glycog<‘n  is  givtui  by  the  following  regions;  privspective  maiulible, 
Meckel’s  cartilage,  prospective  premaxillary,  latiual  and  vmitral  asiHTts  of  cra¬ 
nium,  epid(*rinis  from  the  h‘vi‘1  of  the  eyes  downward, epitiu'lium  of  the  ventral 
part  of  the  lULsal  pa.s.sages,  and  the  epitlu'lial  ct'lls  of  the  choroul  plexus. 

17  (lay  fetus.  In  tin*  17  day  letus  the  iH'ginning  of  calcitication  is  seen  in  the 
maiidibl(‘,  maxilla,  and  cranium.  'I'he  dental  lamina  has  invaginatt'il  to  form 
the  enanu'l  organ,  consisting  of  the  inner  and  outt'r  (Uiainel  epithelia,  the  enamel 
curd,  and  a  <*entral  iintss  which  is  ditYeriuitiating  into  tin*  stt'llate  ivticuluiu.  I'he 
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I'Hi.  1.  ill  hca<l  of  15  day  IVlal  rat.  ('K,  i-raiiiuin;  ()(',  (i|)lic  cui);  h,  lens; 

.M.\  .  iiiaiiditili-.  Oiij£-  iiiaff.  X 

J'jij.  2.  I'Jio.-jdialaM'  in  licad  ol’  17  day  fetal  rat.  If,  tnaiii;  f'K,  eraiiiiiiii ;  IOC,  etliiiioid 
l  artilaiie;  NC.  na.-al  eaitila>£e;  \',  voiiiei  ;  MX,  iiia.\illa;  'I'C,  tonlli  neriii;  Z,  zyunliia;  .MN, 
ii;aiiililile;  ,M( Meekel’.';  eaitilaiie.  Oiiji  iiia(£  XII 

1  11.,  d.  \’illii>-  nf  eliomid  |ilexiih  nf  17  day  fetal  lat,  hlMiwiini  |ilius|)lialase  in  inner  layer. 
Oiiji.  luaji  X22h 

111,.  I.  Clyeijjfeii  ill  head  nf  17  day  fetal  rat.  ('I{,  eraiiiuni;  If,  hraiii;  IOC,  etliinniil 
eartila;ze;  .\ <  ,  lia>al  eartilaKe;  \',  vniiier;  .\l.\,  maxilla;  .MX,  iiiaiidilile;  .M(',  Meekel's 
l  artiiajie.  Oiifi.  iiiafi.  X  Hi. 
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(Icntal  papilla  lias  formed  in  the  eoiieavity  of  the  enamel  organ;  odontoblasts  are 
not  y«‘l  seen,  d'he  lihrous  tissue*  surrounding  the*  teaith-hud  has  arrang(*d  itself 
in  parallel  layers  to  form  the  dental  sae. 

The  amount  of  phosphatase  in  the  head  has  inereased  eonsiderably  (Jiy.  2). 
The  phosphatase-containing  areas  around  the  mandible  and  maxilla  have  ex¬ 
panded  from  the  e(*nters  present  at  15  days  to  large  areas  of  definite  shape.  In 
outline  these  areas  re.semble  the  bones  which  will  later  occupy  them.  Meckel’s 
cartilage  and  the  tooth  germs  of  both  upper  and  lower  jaws  are  surrounded  by 
mass(“s  of  phosphata.se-eontaining  osteog(*nie  tissue.  In  the  up|X‘r  jaw,  these 
masses  extend  medially  into  the  region  of  the  prospective  palate  bones. 

In  tin*  t(M)th-buds,  the  enzyme  is  found  in  the  stellate  reticulum,  extending 
up  into  the  dental  lamina.  In  some  eases  it  is  also  .seen  in  the  internal  enamel 
epitlu'lium;  where  this  oeeui’s,  there  is  often  a  corresponding  area  on  the  under¬ 
lying  dental  papilla.  In  the  cranium,  a  layer  of  phosphata.se-rieh  tissue  is  now 
found  bi'iieath  the  integument,  covering  the  brain  completely.  Pairetl  masses 
of  |)hosphatase-rieh  cells  are  also  found  ventral  to  the  nasal  septum,  where  the 
vomer  is  beginning  to  calcify. 

'l'h(*  enzyme  is  also  found  in  several  non-ealeifving  tissues.  In  the  brain,  it 
occurs  in  streaks  both  in  the  ecutex  and  medulla.  The  fact  that  the  choroid 
plexus  is  rich  in  j)hos[)hatase  yhj.  o)  suggests  that  the  streaks  represt*nt  blooil 
ve.ssels.  In  the  epithelium  of  the  doi-sal  surface  of  the  tongue,  small  regularly 
spaced  centers  of  phosphatase  activity  are  found.  These  pivsumably  Ix'ar  .some 
n'lation  to  tlu*  future  papillae.  The  enzyim*  is  also  found  in  the  hair  follicles 
of  the  snout,  where  it  is  concentrated  in  the  papilla  and  mesenchymal  .sheath. 

While  the  phosjdiatase  activity  of  the  abov«*  tissues  can  be  obst'ived  aft(‘r  a 
2  hour  incubation  jH*riod,  it  was  found  that  tlu*  enzyme  can  lu*  demonstrateil  in 
practically  all  of  the  tissues  if  they  an*  incubated  long  enough.  'I'lns  is  in 
agr(*ement  with  chemical  inv(*stigations,  which  have* shown  that  most  mammalian 
tissues  contain  d(*t(*etable  amounts  of  phosphatase*  (11).  It  see*nu*d  of  int»*n*st 
to  determiiu*  tlu*  relative*  phosphatase*  ae*tivitie*s  e)f  .seeme*  eef  the*  tissue*s  e>f  the* 
fetal  rat  he*ael.  This  was  ele)ne*  by  me*asuring  the*  time*  re*eiuire*el  feer  the*  elepeesitiem 
e)f  a  give*n  ele*nsity  eef  e*aleium  pheesphate*  in  the*  varieeus  tissue*s.  d'he*  •■stanelarel” 
—  eer  maximum  ele*nsity  was  that  eef  the*  e*ale*ifie*el  t rabe*e*ulae*  e>f  the*  maiuliblt*. 
('e)nse*e*utive*  se*etie)ns  at  the*  le*ve*l  eef  the*  first  meelar  we*re*  plae*e*et  eui  inelivielual 
sliele*s  anel  ineubate*el  with  the*  subst  rate*  plus  .Mg  ieuis  at  pi  1  '.1  fe>r  elitTe*re*nt  pe*rie»els 
e)f  time*.  The*  e*aleium  plmsphate*  ele*pe)site*el  in  the*  tissue*s  was  the*n  re*plae‘e*el  by 
ceehalteuis  sulfiele*,  anel  the*  varieuis  re'gieuis  we*re*  e-eunpare'el  with  the*  stanelarel 
i‘e*gie>n.  rite*  time*  re*e|uire>el  lor  a  numbe*!'  e»f  tissue*s  tet  attain  “stanelarel”  ile*nsity 
was  as  lolleews: 

e  tsicotilasts  1 

l**‘ri(ist(‘iil  lilti'dus  t  issue  ut  i‘ti(lntui‘iiiliraiii)us  I  tones  ami  itl'  tu  lumiitl  ami  s|ilu‘miid 
cartilages  I 

Dental  sac,  lens  ejiit helium  It 

Stellate  reticulum,  ih'iital  papilla,  lirain  capillaries 
Tnngm*  p.'ipillae 

e'ells  of  sphemiid,  etliimiiil,  :imt  .Meekel’s  cartilages 


li 

;;ei 


skeletal  tissues,  Kl.veof^en  is  found  in  the  museh*  Hlxu-s  of  the  tongue,  in  the  epi¬ 
dermis,  and  in  the  choroid  plexus. 

20  (lay  fetuH.  By  th(*  20th  day  calcification  of  the  head  is  well  advanced, 
making  sectioning  often  difficult.  The  tooth  germs  are  considtuahly  larger  than 
at  17  days  and  cusp  formation  has  l)(‘gun  in  the  molars.  Th(>  enamel  organ  has 
differentiated  into  the  arnelohhist  layer,  stratum  intermedium,  stellate  reticulum, 
and  outer  enamel  epithelium.  In  the  motai>i  phosphatase  is  conc(‘ntrated  in  the 


Fio.  5.  IMio.sphatasf  in  uppcT  1st  molar  of  20  day  fetal  rat.  M.X,  maxilla;  SU,  stellate 
retieulum;  T,  tongue;  DP,  dental  papilla;  .\M,  ameloblasts;  SI,  stratum  intermedium; 
1)L,  <lentul  lamina;  MK,  mouth  epithelium.  Orig.  mag.  X5<) 

Fm.  6.  Sphenoid  eartilage  of  20  day  fetal  rat,  showing  phosphata.se  within  tin*  eartilage 
at  tla-  onset  of  ealeifieation.  Orig.  mag.  XliO 
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In  the  17  day  fetus,  the  heaviest  deposits  of  glycogen  are  to  be  found  in  the 
cartilaginous  parts  of  the  skull;  namely,  Meckel’s  cartilage,  and  the  ethmoid 
and  sphenoid  cartilages  (Jig.  4)-  The  nasal  cartilage,  however,  is  practically 
devoid  of  glycogen.  The  dental  lamina  and  the  adjoining  mouth  epithelium 
also  give  strong  tests.  In  addition,  glycogen  is  found  in  the  calcifying  regions 
(cranium,  vomer,  mandible,  and  maxilla)  where  it  occurs  in  particles  in  the  osteo¬ 
genic  fibers  and  along  the  free  surfaces  of  the  bone  trabeculae.  Among  non- 
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stratum  int(‘nnp(lium  (Jig.  o).  In  the  incisors,  where  the  formation  of  dentin 
and  “osteo-dentin”  has  begun,  phosphatase  is  found  in  the  amelohlasts  and 
mlontoblasts.  The  dental  pulp  near  the  tip  of  the  tooth  is  also  rich  in  the 
enzyme. 

The  basal  part  of  the  sphenoid  cartilage  is  now  undergoing  calcification.  A 
layer  of  jXMiehondral  bone  is  found  on  the  surface  and  spicules  of  endochondral 
lK)ne  are  seen  in  the  degenerating  cartilage.  Phosphatase  is  found  not  only  in 
the  iMMiehondrium,  but  within  the  cartilage  as  well  (Jig.  6).  The  same  is  true 
of  a  small  region  of  McekePs  cartilage  just  behind  the  symphysis.  There  has 
Ix'cn  a  marked  drop  in  the  lens  phosphata.se,  and  an  increase  in  tongue  phospha- 
ta.s(',  where  the  enzyme  is  found  in  a.s.soeiation  with  the  taste  buds. 

The  glycogen  di.stribution  at  this  stage  is  qualitatively  similar  to  that  obtaining 
at  17  days.  Quantitatively,  there  has  been  a  drop  in  the  glycogen  content  of 
those  regions  where  calcification  has  proceeded  most  rapidly — i.e.,  mandible, 
maxilla,  cranium,  and  ba.sisphenoid.  In  Meckel’s  cartilage,  the  centrally  located 
cells  still  stain  deeply  with  iodine,  while  tho.se  on  the  periphery  stain  only  slightly, 
if  at  all.  In  the  molars,  deposits  of  glycogen  are  found  in  the  dental  lamina  and 
dental  sac,  but  none  in  the  amelobla.sts  or  dental  papilla.  The  incisors,  however, 
show  a  heavily  staining  band  of  glycogen  along  the  outer  edge  of  the  amelohlasts, 
particularly  on  the  labial  side  of  the  tooth. 

Human  fetuses.  For  purpo.ses  of  comparison  with  the  rat  material,  the  heads 
of  3  human  fetuses  of  22,  31,  and  33  mm.  length,  res|)ectively,  were  studied. 
Although  the  series  is  clearly  incomplete,  the  findings  may  be  briefly  mentioned 
here,  since  a  fuller  study  cannot  be  made  at  this  time.  The  distribution  of  phos- 
phattise  and  glycogen  was  found  to  parallel  that  observed  in  the  rat  head  in  all 
cs.scntial  mspeets.  Both  substances  are  found  in  the  osteogenic  tissues  of  endo- 
membranous  bone  (e.g.,  mandible),  while  in  the  cranial  cartilages  glycogen  is 
contained  in  the  cartilage  and  phosphatase  in  the  |X'richondrium.  The  chief 
points  of  difference  between  the  human  and  rat  material  lay  in  the  phosphatas(* 
content  of  some  of  the  .soft  tissues.  The  enzyme  wjis  not  found  in  the  choroid 
plexus  of  the  human,  nor  in  h.  lens.  The  tongue  epithelium  of  the  human 
fctus(‘s  contained  glycogen,  bui  not  phosphatase,  whereas  the  reverse  is  true 
of  the  rat.  barge  amounts  of  phosphata.se,  however,  are  found  in  the  connective 
tissue  of  the  human  tongue.  In  the  distribution  of  glycogen,  the  human  heads 
were  found  to  be  almo.st  identical  with  the  fetal  rat  heads. 

i)KS(  rssiox 

The  histological  findings  are  considerably  simplificHl  if  the  ti.s.stu'.s  of  the  head 
ar(‘  divided  into  3  classes  with  msiH'ct  to  their  phosphata.st'  and  glycogen  content, 
as  follows: 

1.  rho.se  which  contain  pho.sphata.s(‘,  but  not  glycogen. 

2.  I'lio-se  which  contain  glycogen,  but  not  phosphatjuse. 

3.  Those  which  contain  phosphata.se  and  glycogen. 

The  discu.ssion  which  follows  will  concern  the  rat,  although  the  main  conclusions 
apply  ('(lually  to  the  human  hea(j. 
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In  the  first  class  fall  the  brain  (except  choroid  plexus),  the  lens  (luring  the 
jMM'iod  of  its  rapid  }j:rowth,  the  pajiillae  of  the  tongue,  and  the  hair  follicles.  In 
the  second  group  are  the  muscle  fibers  and  the  epidermis.  In  the  third  class 
ar(‘  all  the  calcifying  tissues.  The  choroid  ph'xus  also  contains  both  phosphatase 
and  glycogen,  but,  unlike  tin*  calcifying  tissues  when'  tlie  substances  are  dis¬ 
tributed  uniformly,  they  occur  here  in  morphologically  distinct  hiyei's.  ( Jlycogen 
is  found  only  in  the  epithelium  of  the  plexus,  as  has  been  known  for  many  yi'ars 
(12).  Phosphatase,  on  the  other  hand,  is  confined  to  the  inner  connective  tis.sue 
layer.  It  is  interesting  to  note  that  according  to  Stiehler  and  Flexner  (1.3)  a 
marked  potential  difference  exists  between  these'  2  layei-s.  They  ascribe  this 
to  the  une<iual  distributiem  of  indophenol  oxidase  between  them.  By  main¬ 
taining  the  potential  diffen'iice,  the  plexus  is  able  to  pe'rform  work  in  the  se'cix'tion 
of  the  cerebrospinal  fluid. 

The  only  other  non-calcifying  tissue  which  contains  both  phosphatase  and 
glycoge'ii  is  the  ('pithelium  lining  the  angles  of  tlu'  mouth  betwec'ii  the  upper  and 
lower  molars.  Here  also  the  substance's  occui'  in  diffen'iit  layers.  Phosphatase 
is  found  only  in  the  cornified  suix'ificial  layer,  when'as  glycogen  is  confined  to 
the  de('p('r,  living  layer. 

It  is  of  interest  to  comtiare  the  situation  in  endomembranous  bone  with  that 
in  endochondi’al  bone'.  In  tlu'  foi’iner,  which  is  the'  e'arlie'st  to  calcify,  we  find 
jihosphatase  and  glycoge'ii  deve'loping  simultaneously,  oi’  lu'arly  so,  in  the  osteo- 
ge'iiic  tissue.  The'  2  substance's  appe'ar  to  be  uniformly  distribute'd  throughemt 
the  tissue's,  probably  occurring  in  the'  same  ce'lls.  .\s  calcificatiein  preice'e'els,  the 
glyce)ge'n  anei  phejsphatase  cemtent  eif  the  inte'rieir  eif  the*  heme  ele'cre'ase's,  aiul  the 
substance's  are  ceincentrate'el  mainly  in  the  pe'rieiste'um.  In  the  parts  eif  the  skull 
which  are'  jire'feirme'el  in  e*artilage',  he)\veve'r,  we  fiml  that  up  tei  the  time  wlu'n 
calcificatiem  be*gins  the  phejsplmtase  anel  glyceige'u  are'  separate'el,  glyceigen  being 
cemtaine'el  within  the  cartilage',  pheisphatase  in  the  surremneiing  e'emne'ctive  tissue 
(liericheinelrium).  .\t  the'  einse't  eif  calcifie'atiem,  the  barrier  be'twe'e'ii  the  two 
tissue's  bre'aks  ele)\vn,  anel  jilmsphatase'  is  then  fenmel  thremghenit  the  cartilage'. 

The'  situatiem  in  the  te'e'th  is  neit  so  cle*ar  as  it  is  in  heme.  In  the'  meilars  eif  the 
20  elay  fetus,  phejsphatase'  eie'curs  in  the*  stratum  inte'rme'elium  anel  ele'iital  papilla, 
glyce>ge‘n  in  the*  ele'ntal  lamina  anel  ele'iital  sac.  Calcificatiem  eif  the  rneilars 
eleie's  neit  be'gin  until  afte'r  birth,  anel  lu'ne'e  was  neit  e'eivere'el  in  the  pre'se'iit  in- 
ve'stigatiem.  In  the'  inciseirs,  heiwever,  ele'iitin  anel  “eiste'ei-ele'iitin”  formatiem 
be'gins  em  abemt  the'  20th  elay  eif  ge'statiem.  By  analeigy  with  beme,  it  might  he 
e'xiM'cte'el  tei  finel  glye'eige'ii  anel  iiheisphatase  eiccurring  at  the'  site'  eif  e'alcificatiein. 
This,  heiwe've'r,  was  neit  eibse'rve'el.  Pheisjihatase'  was  feiunel  in  the'  ameleiblasts, 
eieleinteiblasts,  anel  ele'iital  papilla;  glyceige'ii  in  the'  elental  lamina  anel  at  the  base 
eif  the'  ame'leiblasts.  (llye'eige'ii  was  neit  eibse'rve'el  in  the'  eieleinteiblasts  eir  ele'ntal 
papilla.  It  is  peissible'  that  in  the*  e*alcifving  teieilh  glyceige*n  is  breike*n  eleiwn  teio 
rapielly  tei  be*  eib.se*rve*el,  eii-  that  pheispheirie*  e*ste*rs  are*  transiieirte*el  tei  the*  site's  eif 
calcifie*atiein  frenn  the*  glyceige*n  steire's  in  ne*ighbeiring  tissue's.  I'he'  fact  that 
glyceige'ii  is  feiunel  in  asseiciatiein  with  the*  iire*-funcf  ieinal  ame'leiblasts  is  e'einsistcnt 
with  the*  former  peissibility. 
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In  conclusion,  it  a])pears  that  in  fetal  heads  phosphatase  and  glycogen  occur 
together  only  in  the  cells  of  calcifying  tissues.  It  seems  highly  improbable  that 
this  distribution  is  merely  fortuitous.  The  findings  thus  support  the  hypothesis 
that  both  glycogen  and  phosphatase  are  involved  in  the  calcification  mechanism. 
As  to  the  mechanism  of  the  interaction,  no  conclusions  can  be  drawn  from  the 
histological  findings.  All  that  can  be  said  in  this  regard  is  that,  whatever  the 
mechanism,  it  involves  the  disappearance  of  glycogen  from  calcifying  regions. 
At  present,  the  most  plausible  scheme  is  that  of  the  phosphorolysis-dephosphoryl- 
ation  mechanism  described  previously.  It  should  be  of  interest  to  determine 
whether  the  present  findings  extend  to  adult  tissues,  as  well,  for  the  possible 
light  they  may  throw  on  pathological  calcification. 

SUMMARY 

1.  Fetal  rat  heads  from  the  13th  to  20th  day  of  gestation  were  studied  histo- 
chemically  for  phosphatase  and  glycogen. 

2.  The  distribution  of  these  substances  at  different  fetal  ages  is  described. 

3.  Three  classes  of  tissue  are  distinguished:  those  which  contain  phosphatase 
but  no  glycogen,  those  which  contain  glycogen  but  no  phosphatase,  and  those 
which  contain  both  phosphatase  and  glycogen. 

4.  All  the  calcifying  tissues  belong  to  the  third  class,  the  incisors  possibly 
excepted. 

5.  In  non-calcifying  structures  which  appear  to  belong  to  the  third  class  it 
was  found  that  the  phosphatase  and  glycogen  are  in  actuality  separated  into 
morphologically  different  layers. 

6.  Three  human  fetuses  showed  distributions  of  phosphatase  and  glycogen  in 
essential  agreement  with  the  above  findings. 

7.  It  is  concluded  that  both  glycogen  and  phosphatase  are  involved  in  normal 
calcification,  and  the  most  probable  mechanism  of  their  interaction  is  discussed. 

The  author  wishes  to  express  his  appreeiation  to  Dr.  Spencer  R.  Atkinson  for  his  stimu¬ 
lating  interest  in  this  investigation,  and  to  Mr.  James  Smith  for  taking  the  photomicro¬ 
graphs.  Valuable  assistance  in  the  care  of  the  animals  was  rendered  by  Mr.  John  Allan. 
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AMELOBLASTOMA:  REVIEW  OF  34  CASES‘ 
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Registry  of  Dental  and  Oral  Pathology  of  the  American  Dental  Association,  Army  Medical 

Museum,  Washington,  D.  C. 

There  is  little  indication  for  detailed  reference  to  the  literature  on  ameloblas¬ 
tomas  in  view  of  the  many  excellent  reports  published  (1,  2,  3,  4,  5,  6,  7).  Mi¬ 
croscopically,  the  ameloblastoma  suggests  an  intimate  association  with  epithe¬ 
lium  which  would  ultimately  possess  the  power  of  producing  enamel.  The 
varied  histologic  tendencies  of  this  tumor  are  understandable  when  it  is  con¬ 
sidered  that  it  arises  basicly  from  oral  epithelium  and  thus  may  exhibit  all  of  the 
embr\’onic  features  of  that  tissue.  According  to  most  investigators  (5,  8) 
enamel  is  not  produced  in  these  tumors.  Cases  have  been  reported,  however 
(10,  11,  12),  in  which  amelogenesis  is  presumed  to  have  occurred,  but  in  those 
cases  reviewed  by  the  author  one  could  not  be  impressed  by  such  features.  Two 
factors  seem  to  be  important  in  this  lespect.  First,  the  degree  of  differentiation 
attained  by  the  tumor  cells  at  time  of  initial  neoplasia;  and  second,  the  almost 
constant  and  presumably  progressive  degenerative  changes  within  the  stellate 
reticulum.  These  two  factors,  in  varying  proportions,  seem  to  prevent  other 
than  an  abortive  attempt  by  the  tumor  to  produce  calcified  ectodermal  tissue. 

The  view  held  by  many  investigators  (13,  14,  15)  and  apparently  subscribed 
to  by  some  others,  that  the  ameloblastoma  is  closely  associated  ^ith  the  basal 
ceC  carcinoma  does  not  seem  wholly  tenable.  The  essentially  peripheral  charac¬ 
teristics  of  the  basal  cell  carcinoma,  together  with  its  easily  distinguishable 
morphological  differences  and  clinical  beha\nor,  seem  sufficient  to  place  it  in  a 
separate  category.  In  most  instances  there  is  little  reason  to  confuse  the  his- 
tologj'  of  these  two  lesions  as  the  degree  of  differentiation  and  specialization 
attained  by  the  enamel  epithelium,  while  not  constant  in  each  instance,  is  alwaj'S 
sufficient  to  produce  a  tumor,  the  histologic  features  of  which  are  usually  unique. 

Robinson  (4)  reported  17  cases  from  the  literature  in  which  “there  seemed  to 
have  been  present  some  evidence  of  malignancy.”  A  review  of  the  findings  re¬ 
ported  in  many  of  these  cases,  together  with  other  cases  of  suggested  malignancy 
examined,  would  indicate  that  these  features  are  not  constant  or  striking  enough 
to  be  of  particular  significance.  It  seems  unfortunate,  therefore,  to  attribute 
malignant  characteristics  to  a  lesion  when  such  features  have  not  been  clearly 
demonstrated.  Metaplasia  toward  the  squamous  type  with  the  occasional  pro¬ 
duction  of  pseudokeratin  has  been  observed,  but  in  the  opinion  of  the  author  is 
not  sufficient  evidence  of  frank  malignant  change.  Those  cases  with  reported 

*  Received  for  publication  June  29, 1942. 

*  Major,  Dental  Corps,  U.  S.  Army,  Secretary  and  pathologist  to  the  Registry  of  Dental 
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metastases  do  not  bear  close  scrutiny.  In  most  instances  the  histologic  evidence 
on  which  this  probability  was  based  is  not  conclusive.  It  seems  reasonable  that 
the  ameloblastoma,  in  most  instances,  grows  by  expansion  rather  than  invasion, 
another  feature  suggesting  its  benign  character. 

There  is  little  concrete  information  as  to  the  etiology  of  this  tumor.  Its 
association  with  the  odontogenic  apparatus  or  with  tissues  which  had  the  po¬ 
tentiality  for  producing  the  tooth  germ  is  unquestioned.  How  early  in  the 
period  of  differentiation  of  the  squamous  cells  of  the  oral  epithelium  that  this 
tumor  can  occur  is  questionable.  It  is  unlikely  that  the  ameloblastoma  could 
be  produced  before  some  indication  of  the  morphological  change  in  the  cell  had 
become  evident.  If  this  were  true,  the  tumor  would  undoubtedly  have  a  wider 
distribution.  We  can,  therefore,  limit  the  initial  period  of  occurrence  to  an 
arbitrary  period  which  begins  after  morphological  changes  in  the  cells  of  the 
oral  epithelium  have  become  evidence  microscopically.  Chronologically  the 
tumor  may  form  any  time  after  this  period  has  been  reached.  Embryonal  ecto¬ 
dermal  inclusions  from  the  odontogenic  apparatus  in  the  form  of  rests  undoubt¬ 
edly  account  for  the  majority  of  ameloblastomas  occurring  after  pubertj".  Ob¬ 
vious  disturbances  in  the  genesis  of  tooth  formation,  either  through  trauma  or 
inflammation,  are  other  likely  factors.  Other  closely  associated  odontogenic 
lesions  have  been  reported  (17)  as  possible  sources  for  this  tumor. 

A  number  of  authors  have  reported  series  of  cases,  the  majority  of  which  have 
been  included  in  Robinson’s  excellent  review  of  the  literature.  There  is  a 
rea.sonably  close  correlation  betw'een  most  of  the  findings  in  these  reports.  How¬ 
ever,  there  still  exists  the  tendency  by  some  to  complicate  what  appears  to  be 
an  otherwise  simple  tumor.  To  date  the  Registry  of  Dental  and  Oral  Pathologj' 
of  the  American  Dental  Association  has  accumulated  34  cases  of  ameloblastoma, 
most  of  which  have  not  been  in  any  previous  reports.  It  seems  indicated,  there¬ 
fore,  to  review  the  findings  in  this  group  in  an  attempt  to  clarify  some  of  the 
questionable  statements.  In  most  of  these  cases  the  history  is  rather  complete 
and  because  of  this  it  seems  that  the  following  information  may  be  of  some 
significance. 

STATISTICS 

It  has  been  possible  to  check  the  diagnosis  histologically  of  this  series  of  cases, 
thus  eliminating  the  possibility  of  including  unconfirmed  lesions.  While  a  num¬ 
ber  of  ameloblastomas  of  the  pituitary  gland  and  the  tibia  are  included  in  the 
Reglstr}',  these  cases  have  not  been  considered  in  the  survey.  In  all  of  these 
cases  the  race,  sex  and  age  of  the  patients,  together  with  a  rea.sonably  accurate 
location  of  the  lesion,  were  included  in  the  history.  The  average  age  of  occur¬ 
rence  of  these  lesions  w'as  38.3  years  (fig.  1).  This  is  in  close  agreement  with 
Robinson’s  figure  of  37.6  years.  The  age  of  discovery  of  the  lesion,  representing 
the  age  of  occurrence  less  the  duration,  was  30.8  years,  likewise  in  close  agree¬ 
ment  with  Robinson  and  others.  While  this  information  is  not  of  outstanding 
importance,  it  does  indicate  that  the  lesion  Is  one  of  middle  age.  There  is  un¬ 
doubtedly  considerable  inaccuracy  due  to  the  fact  that  the  duration  is  based  on 
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the  questionable  recollection  of  the  patients.  Of  the  34  cases  information  as  to 
duration  was  present  in  but  23.  This  figure  averaged  5.57  years,  somewhat 
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Fig.  1.  .4ge  reported  and  age  of  onset  (average  number  of  cases  occuring  in  ten  year  periods) 


Fig.  2.  Duration  (average  number  of  cases  occuring  in  two  year  periods) 


lower  than  previously  reported  figures  {Jig.  2).  It  is  believed  this  figure  is  like¬ 
wise  of  some  significance  in  that  it  indicates  the  relatively  slow  growth  of  the 
lesion  emphasizing  its  benign  character.  Twenty-five  of  the  cases  (75.3%)  oc- 
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curred  in  white  patients,  and  the  remaining  9  cases  (26.5%)  in  negro  patient.s. 
This  is  in  disagreement  with  the  findings  of  Kegel  who  reported  a  much  higher 
incidence  in  negroes  (corrected  ratio  11:1).  Twenty-six  of  the  cases  (76.5%) 
occurred  in  males,  and  the  remaining  8  (23.5%)  occurred  in  females.  This  is  in 
disagreement  with  Robinson’s  findings  who  reported  54.3%  occurring  in  females. 
It  is  believed  that  these  discrepancies  can  be  accounted  for  in  the  small  group 
of  cases  l  eported. 

It  has  been  rather  definitely  shown  that  the  mandible  is  more  frequently  af¬ 
fected  than  the  maxilla.  This  is  borne  out  in  this  survey,  29  cases,  (85.3%) 
occurring  in  the  mandible,  and  5  cases  (14.7%)  occurring  in  the  maxilla.  The 
distribution  of  the  cases  occurring  in  the  mandible  indicates  that  the  angle  of 
of  the  ramus  is  the  most  frequent  site,  16  cases  (55.1%)  occurring  cn  the  right 
side  in  that  location  and  11  cases  (37.8%)  on  the  left  side  in  the  same  region. 
Two  cases  (7.1%)  occurred  in  the  symphysis.  Of  the  5  cases  in  the  maxilla  some 
interesting  observations  could  be  made.  These  cases  were  evenly  distributed, 
two  being  on  the  right  side  and  three  being  on  the  left  side.  Of  these  5  cases, 
3  definitely  involved  the  antrum  and  the  remaining  2  had  a  questionable  asso¬ 
ciation. 

Twelve  (22.3%)  of  the  cases  gave  definite  history  of  trauma,  the  majority 
having  as  a  background  the  extraction  of  one  or  more  teeth.  In  one  case  there 
was  an  established  endocrine  disturbance,  in  another  obvious  trauma,  and  a 
third  an  infection  involving  an  unerupted  third  molar.  While  many  observers 
considered  the  ameloblastoma  to  be  a  painless  tumor,  14  (41.1%)  of  those  re¬ 
ported  here  gave  a  history  of  definite  pain.  In  some  instances  this  could  be 
attributed  to  associated  infections.  In  12  of  the  cases  (35.2%)  resection  of  a 
portion  of  the  bone  was  resorted  to.  In  20  cases,  (58.8%)  the  tumor  was  re¬ 
moved  surgically.  In  one  instance  the  teeth  in  the  area  were  extracted,  the 
tumor  adhering  to  one  of  the  teeth.  In  the  remaining  one  case  the  patient  died 
from  a  pharyngeal  obstruction.  In  this  particular  case  the  lesion  was  a  recur¬ 
rence  which  on  two  occasions,  and  at  autopsy,  had  been  diagnosed  as  nmelo- 
blastoma  with  epidermoid  tendencies.  A  review  of  the  material  in  this  case 
indicates  that  perhaps  the  lesion  in  question  may  not  have  been  ameloblaf't.-c^’.a, 
but  rather  an  undifferentiated  squamous  cell  carcinoma.  There  were  no  metas- 
tases  reported.  Four  of  the  cases  in  this  group  are  reported  as  definite  re¬ 
currences. 

It  may  be  seen  that  the  majority  of  the  findings  in  this  survey  are  fairly  con¬ 
sistent  with  those  of  other  investigators.  In  reviewing  the  histology  of  these 
lesions  it  would  .seem  that  any  attempt  at  classification  could  not  be  based  on 
definite  histologic  principles.  While  both  solid  and  cystic  types  of  ameloblas¬ 
toma  have  been  recognized,  I  am  of  the  opinion  that  the  entire  process  is  one  of 
slow  transition  so  that  there  is  no  dividing  line  separating  these  two  varieties. 
It  would  appear,  therefore,  that  little  can  be  contributed  to  the  information  on 
these  tumors  by  arbitrarily  listing  them  in  surveys  of  this  kind  as  solid  or  cystic. 

The  ameloblastomas  reported  in  this  series  varied  from  the  simplest,  purely 
ameloblastic  unit  to  the  undifferentiated  p.seudosquamou8  type,  this  latter  form 
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exhibiting  less  constant  behavior  both  clinically  and  histologically.  It  is  im¬ 
portant  to  state  that  it  is  not  always  possible  to  recognize  this  tumor  by  the 
clear-cut  atypical  columnar  cells  of  the  enamel  epithelium,  such  things  as  hy¬ 
dropic  degeneration,  tumor  necrosis,  and  the  squamous  metaplasia  often  mask¬ 
ing  the  classical  picture  of  enamel  epithelium.  It  would  appear  that  Kegel’s 
(18)  histologic  grouping  of  this  tumor  into  the  adult  form  and  the  undifferenti¬ 
ated  counterpart  is  in  keeping  with  the  usual  findings. 

The  growth  characteristics  of  the  ameloblastoma  indirectly  determine  the 
character  of  the  tissues  involved.  Pressure  of  accumulating  cystic  fluid  in  the 
islets  of  epithelial  cells  is,  on  occasion,  sufficient  stimulus  to  produce  a  cystic 
lining  of  the  transitional  type  of  epithelium  such  as  is  seen  in  certain  of  the 
follicular  cysts.  It  is  believed  by  some  that  the  production  of  this  fluid  is  an 
abortive  attempt  at  keratinization.  There  is  little  reason  to  believe  that  this 
process  varies  greatly  from  that  seen  in  the  epithelioma  adenoides  cysticum,  in 
which  case  an  amorphous  colloid-like  material  is  formed.  Both  of  these  lesions 
have  their  origin  from  the  basal  cell,  the  ameloblastoma  arising  only  after  differ¬ 
entiation  toward  the  ameloblastic  stage  has  begun. 

The  presence  of  secondary  infection  is  apparently  another  factor  influencing 
the  behavior  of  the  epithelial  component  of  these  lesions.  In  those  e.xhibiting 
a  severe  purulent  reaction  one  is  apt  to  see  a  typical  pseudo-epitheliomatous 
response  sometimes  tending  to  mask  the  underlying  character  of  the  lesion.  I 
have  seen  such  lesions  confused  with  atypical  basal  and  squamous  cell  car¬ 
cinomas. 

The  details  of  the  histology  of  this  tumor  are  best  considered  by  reviewing 
actual  cases.  The  following  cases  are  included  in  this  report  and  are  from  the 
files  of  the  Registry  of  Dental  and  Oral  Pathology  of  the  American  Dental 
.\ssociation. 

Case  1:  A.M.M.  Acc.  75597  (Contributed  by  Dr.  M.  G.  Golden,  Brooklyn,  X.  Y.). 

History:  A  white  male,  age  52  years,  who  was  first  examined  on  November  8,  1938.  An 
oral-antral  sinus  tract  was  noted  on  the  left  side.  The  patient  states  that  this  has  existed 
for  the  last  25  years,  at  which  time  he  had  the  upper  left  molar  extracted  by  a  barber.  .\t 
intervals  of  3  to  4  years  particularly  when  he  had  a  cold,  a  dark  bloody  discharge  was  noted 
coming  from  the  oral  opening  of  the  sinus  tract.  This  would  persist  for  2  or  3  weeks  then 
apparently  heal.  At  no  time  did  he  experience  any  pain  nor  was  there  any  nasal  discharge. 
X-ray  examination  revealed  a  markedly  involved  antrum  on  the  left  side.  Transillumina¬ 
tion  showed  the  antrum  to  be  completely  dark.  The  nasal  passages  on  both  sides  were 
clear.  No  evidence  of  tumor  was  noted  in  the  nose  or  nasopharynx. 

Operation:  On  November  12,  1938  a  Caldwell-Luc  operation  was  performed  on  the  upper 
left  antrum  under  local  anesthesia.  The  entire  antrum  was  completely  filled  with  a  tumor 
mass  which  was  solidly  impacted,  homogeneous,  smooth-surfaced  and  dark  red  in  color. 
This  was  removed  piecemeal  as  its  size  and  consistency  would  not  permit  removal  in  toto 
through  the  operative  opening. 

Follow-up:  The  immediate  post-oiwrative  course  was  good.  He  bt^came  and  has  re¬ 
mained  symptom  free.  The  window  under  the  left  turbinate  has  remained  patent. 
Pre-operative  sinus  tracts  persist,  but  there  was  no  discharge. 

Microscopic:  The  cellularity  of  this  tumor  is  a  prominent  feature.  The  entire  tumor 
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mass  does  not  suggest  invasive  growth  and  appears  to  be  contained  within  a  loose,  almost 
polypoid-like  stroma,  the  outer  surface  of  which  is  covered  by  a  thin  but  essentially  normal 
Schneiderian  membrane  (Plate  I,  fig.  1).  Cilia  are  easily  demonstrated.  The  tumor  cells 
are  arranged  in  irregular  looping  folds  forming  many  clusters,  many  of  which  appear  to  be 
connected.  In  the  center  of  these  clusters  a  stringy,  loose,  and  relatively  acellular  material 
suggesting  stellate  reticulum  can  be  seen.  In  those  areas  where  degeneration  is  not  too 
advanced,  the  stellate  shape  of  the  cell  can  be  seen.  The  cystic  degeneration  within  these 
clusters  is  in  most  instances  an  early  process.  Degeneration  is  not  a  prominent  feature  at 
the  present  stage  of  neoplasia.  There  is  an  obvious  uniformity  in  cell  morphology,  most  of 
the  peripheral  cells  being  columnar  in  shape  with  a  somewhat  constantly  positioned  nucleus. 
These  cells  stain  deeply  and  in  the  less  cellular  areas  show  evidence  of  abundant  cytoplasm. 
Immediately  adjacent  to  these  peripheral  cells  there  is,  on  the  inner  surface,  a  suggested 
“piling  up”  of  a  transitional  type  of  cell  suggesting  the  stratum  intermedium.  Scattered 
throughout  the  loose  edematous  background  are  inflammatory  elements,  many  of  which 
appear  to  be  eosinophiles  and  larger  mononuclear  phagocytes.  While  vascularity  is  not  a 
prominent  feature,  there  are  more  than  occasional  blood  vessels  to  be  seen  (Plate  l,fig.  2). 
Some  of  these  contain  red  blood  cells.  There  are  larger  areas  of  extravasated  blood  showing 
partial  organization.  No  calcified  tissue  is  noted.  The  Masson  stain  indicates  little  or 
no  collagen.  No  mucin  can  be  demonstrated  with  the  muci-carmine  stain  except  in  a 
few  dilated  glandular  acini. 

Case  $:  A.M.M.  Acc.  74998  (Contributed  by  Drs.  Field  and  Ackerman,  Newark,  N.  J.). 

History:  A  9-year  old  white  female  whose  mother  noted  that  the  lower  right  first  molar 
failed  to  erupt  at  the  same  time  as  the  lower  left  first  molar.  However,  in  the  absence  of 
any  symptoms  nothing  was  done  at  this  time.  A  few  days  before  the  patient  was  seen  by 
the  dentist  the  region  of  the  lower  right  first  and  second  molars  became  painful.  Radio¬ 
graphs  were  taken  revealing  an  unerupted  first  molar  with  its  apex  at  the  lower  border  of 
the  mandible.  The  crown  was  surrounded  by  a  dilated  sac  showing  cystic  degeneration. 
The  second  molar  was  absent  entirely  and  in  its  place  a  radiolucent  area  measuring  3  x  2.5 
cm.  was  noted.  This  was  slightly  irregular  in  outline  and  impinged  upon  the  dilated  sac 
of  the  first  molar.  No  loculations  were  noted. 

Operation:  The  mucous  membrane  was  reflected  and  the  bone  over  the  buccal  aspect  of 
the  first  and  second  molars  was  removed.  Over  the  crown  of  the  first  molar  there  was  a 
cystic  .sac  into  which  the  crown  of  the  tooth  projected.  There  was  no  evidence  of  a  tooth 
bud  in  the  region  of  the  second  molar.  In  its  place  a  tumor  mass  was  noted.  This  was 
removed  entirely  together  with  a  dilated  follicular  sac.  The  surrounding  bone  appeared 
essentally  normal.  Sections  from  the  fibrous  wall  surrounding  the  crown  of  the  first  molar 
and  from  the  tumor  were  submitted. 

Microscopic:  The  follicular  sac  surrounding  the  first  molar  is  a  loosely  arranged  fibrous 
tissue  showing  evidence  of  degeneration.  In  some  areas  there  appears  to  be  considerable 
collagen.  There  are  few  fibroblastic  nuclei  noted  and  they  are  for  the  most  part  shrunken 
in  size.  V^ascularity  is  not  a  feature.  No  inflammatory  elements  are  noted.  There  is  no 
epithelium  in  this  material. 

The  tumor  is  composed  of  an  embryonal  mesenchymal  matrix  in  which  there  are  irregu¬ 
larly  shafjed  collections  of  epithelial  cells.  Some  of  these  collections  are  surrounded  by  a 
pink  staining  osteoid  material  which  has  included  within  its  substance  some  of  the  epithelial 
cells.  In  one  area  there  is  calcification  of  this  material  (Plate  I,  jig.  3).  Smaller  foci  of 
calcification  are  noted  within  the  substance  of  some  of  these  epithelial  cells.  Peripherally 
these  cells  are  columnar  in  shape  and  are  surrounded  externally  by  a  thin  membrane  and  a 
wider  clear  zone  in  the  connective  tissue  background.  Some  of  the  collections  are  very 
minute,  consisting  of  hardly  more  than  a  dozen  cells.  There  are  occasional  blood  vessels 
to  be  noted.  Cystic  degeneration  of  the  centrally  placed  cells  is  not  a  prominent  feature, 
although  in  one  area  this  has  progressed  moderately  at  the  expense  of  the  stellate  reticulum 
(Plate  \,jig.  4). 
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Case  S:  A.M.M.  Acc.  65091  (Contributed  by  Dr.  P.  Philip  Gross,  Philadelphia,  Pa.). 

History:  A  60-year  old  white  female  who  had  an  upper  third  molar  e.\tracted.  There 
was  a  persistent  post-operative  opening  into  the  antrum  with  an  intermittent  discharge  of 
a  purulent  bloody  material.  No  pain  or  other  discomfort  was  noted  at  any  time.  At 
irregular  intervals  the  patient  complained  of  an  itchy  feeling  in  the  region  of  the  tuberosity. 
Both  intra-  and  extra-oral  radiographs  disclosed  a  shadow  apparently  not  communicating 
with  the  antrum.  The  clinical  diagnosis  was  ameloblastoma. 

Operation:  No  details  as  to  the  type  of  operation  performed  are  available.  Material 
was  received  for  biopsy  examination,  following  which  the  bulk  of  the  tumor  w’as  removed 
and  the  diagnosis  confirmed. 

Microscopic:  The  section  revealed  a  rather  cellular  tumor,  the  elements  of  which  are 
well  differentiated.  There  are  irregular  connecting  strands  of  epithelial  tissue,  all  of  which 
are  outlined  by  the  columnar  elements  of  the  ameloblastic  epithelium  (Plate  I,  fig.  7). 
The  stellate  reticulum  is  particularly  abundant,  central  cystic  degeneration  being  noted 
only  in  occasional  areas  (Plate  I,  Jig.  6).  There  are  a  few  mitotic  figures  in  evidence. 
Considerable  extravasated  hemorrhage  surrounds  much  of  the  tumor  mass.  There  is  much 
hemosiderosis  in  this  latter  material.  One  does  not  see  any  evidence  of  squamous  meta¬ 
plasia,  although  there  is  a  tendency  for  the  undifferentiated  portions  of  the  stellate  reticu¬ 
lum  to  arrange  themselves  in  a  whorling  manner  suggesting  a  very  early  attempt  at 
keratinization.  Some  of  the  tumor  cells  bear  a  marked  resemblance  to  the  basal  cells  of 
the  epidermis.  There  is  a  scattered  inflanunatory  reaction  in  the  intervening  connective 
tissue  septa  which  consists  of  small  lymphocytes,  plasma  cells  and  occasional  granular 
leucocytes. 

Case  4:  A.M.M.  Acc.  62204  (Contributed  by  Dr.  P.  Philip  Gross,  Philadelphia,  Pa.). 

History:  A  73-year  old  white  male  in  good  general  health.  He  noticed  a  lump  under 
the  tongue  immediately  behind  the  anterior  teeth.  At  time  of  examination  the  patient 
stated  this  had  been  present  for  approximately  two  months.  There  was  no  discomfort  at 
any  time.  Clinically  a  hard  area  was  noted  directly  beneath  the  anterior  portion  of  the 
tongue  and  immediately  posterior  to  the  symphysis  of  the  mandible.  X-ray  examination 
was  made. 

Operation:  Under  a  local  anesthetic  the  teeth  in  the  involved  area  were  removed,  con¬ 
siderable  tumor  tissue  adhering  to  some  of  the  extracted  teeth.  The  remaining  tumor  was 
removed  by  curettement.  The  diagnosis  was  ameloblastoma. 

Microscopic:  The  outstanding  feature  of  this  lesion  is  its  similarity  in  certain  areas  to 
squamous  epithelium.  Many  of  the  cells  exhibit  frank  squamous  characteristics  such  as 
well  developed  intracellular  bridges  and  the  formation  of  keratin.  The  peripheral  cells, 
however,  tend  to  retain  their  columnar  characteristics,  although  some  alteration  in  their 
morphology  is  evident.  There  are  many  areas  of  necrosis  in  the  center  of  the  nests  of  tumor 
cells.  The  fibrous  tissue  stroma  is  young  and  the  cells  appear  to  be  quite  active.  There  is 
a  diffuse  inflammatory  reaction  consisting  in  some  areas  of  solid  collections  of  lymphocytes 
and  plasma  cells  and  in  other  areas  numerous  leucocytes,  many  of  which  are  eosinophilic. 
There  is  much  hemorrhage.  This  lesion  has  many  frank  epidermoid  characteristics  and 
demonstrates  the  malignant  potentialities  of  the  ameloblastoma  (Plate  II,  figs.  1  and  2). 

Case  S:  A.M.M.  .\cc.  28623  (Contributed  by  .\rmy  Medical  Museum,  Washington,  D.  C.). 

History:  A  51-year  old  colored  male  who  when  first  seen  had  a  tumor  the  size  of  an  orange 
on  the  left  side  of  the  face  in  the  region  of  the  ramus  of  the  mandible.  The  patient  stated 
that  for  the  past  10  years  this  mass  had  been  slowly  enlarging,  but  that  at  no  time  was  there 
any  pain  or  other  symptoms.  X-ray  examination  revealed  a  multiloculated  cystic  area 
involving  the  ramus  and  a  portion  of  the  body  of  the  mandible.  The  buccal  plate  of  the 
mandible  had  been  almost  completely  destroyed.  There  was  no  history  of  trauma. 

Operation:  Under  a  local  anesthetic  the  tumor  was  removed  piecemeal.  Resection  of  the 
mandible  was  not  resorted  to. 
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Microscopic:  The  advanced  cystic  degeneration  of  this  lesion  is  a  feature  (Plate  II, 
figs.  3  and  4),  although  there  are  areas  of  solidly  packed  islets  of  ameloblastic  epithelium, 
some  of  which  exhibiting  practically  no  central  cystic  degeneration.  This  is  a  w’ell  differ¬ 
entiated  tumor.  One  has  no  difficulty  in  recognizing  the  ameloblastic  cells,  the  stratum 
intermedium,  or  the  stellate  reticulum.  Mitotic  figures  are  absent.  Some  of  the  cystic 
areas  contain  an  eosinophilic  staining  material  suggesting  keratin.  There  is  some  hemo¬ 
siderin  pigment  contained  within  large  phagocytic  cells.  The  intervening  fibrous  stroma 
is  moderately  collagenous  and  contains  a  perivascularly  distributed  chronic  inflammatory 
reaction.  This  appears  to  be  an  actively  growing  lesion,  although  well  within  benign  limits. 

Case  6:  A.M.M.  Acc.  51505  (Coniributed  by  Walter  Reed  Gen.  Hosp.,  Washington, 
D.  C.). 

History:  A  24-year  old  white  male  who  was  admitted  to  the  hospital  with  a  diagnosis  of 
central  follicular  cyst,  vertical  and  horizontal  ramus,  mandible,  right,  due  to  unerupted 
right  third  molar.  Clinical  examination  revealed  a  crepitant  cystic  area  in  the  right  side 
of  the  mandible  involving  most  of  the  ramus  and  the  posterior  portion  of  the  body.  This 
tumor  had  been  constantly  painful.  The  patient  exhibited  a  typical  Frohlich’s  syndrome. 
The  Wassermann  and  Kahn  reactions  were  negative.  Radiographs  revealed  an  extensive 
cystic  destruction  involving  the  ramus  and  a  j)ortion  of  the  body  of  the  mandible.  The 
sella  appeared  normal. 

Operation:  The  tumor  was  removed  without  resorting  to  resection  of  the  mandible. 
During  the  following  month  deep  X-ray  therapy  was  directed  to  the  site  of  the  tumor.  The 
amount  of  X-ray  is  not  stated. 

Microscopic:  There  is  considerable  fibrous  tissue  surrounding  the  islets  of  ameloblastic 
epithelium.  The  fibrous  tissue,  in  close  association  with  the  tumor  elements,  exhibits  a 
basophilic  degeneration.  The  tissue  is  rather  adult  and  vascularity  is  not  a  prominent 
feature.  The  ameloblastic  islets  show  central  degeneration  of  the  stellate  reticulum  with 
a  slight  tendency  toward  squamous  metaplasia.  Some  of  the  islets  contain  a  granular 
debris  and  a  fairly  well  formed  keratinous  material.  Mitotic  figures  may  be  identified, 
although  they  are  not  plentiful.  There  is  apparently  some  individual  cell  dyskeratosis. 
There  is  no  outstanding  inflammatory  reaction  noted  (Plate  II,  5). 

SUMMARY 

In  this  review  of  34  cases  of  ameloblastoma  one  is  impressed  with  the  extreme 
variability  of  the  histology  of  this  tumor.  To  arbitrarily  list  it  as  either  solid 
or  cystic  does  not  seem  warranted  insofar  as  the  greater  percentage  of  lesions 
seems  to  be  in  the  stage  of  transition  between  these  two  extremes.  The  findings 
as  to  the  age  of  discovery,  the  age  at  time  of  report,  and  duration  are  in  agree¬ 
ment  with  the  statistics  reported  by  other  authors. 

It  is  important  to  recognize  that  the  ameloblastoma,  while  it  may  have  malig¬ 
nant  potentialities  as  evidenced  histologically,  is  essentially  benign  in  its  clinical 
behavior.  An  appreciable  percentage  of  these  tumors  will  show  epidermoid  tend¬ 
encies  up  to  a  certain  point.  However,  metastasis  is  an  uncommon  occurrence. 
In  those  cases  in  which  this  has  been  re^iorted,  reviewed  by  me,  the  ameloblastic 
features  were  lacking. 

There  seems  little  conclusive  evidence  for  associating  this  tumor  with  the  well 
differentiated  basal  cell  carcinoma.  While  these  lesions  may  have  a  common 
point  of  origin,  the  germinal  layer,  and  certain  other  similar  growth  character¬ 
istics,  they  are  still  essentially  different  tumors.  One  cannot  depend  entirely 
upon  the  cell  morphology,  ignoring  the  clinical  features. 
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Recurrence  in  this  lesion  is  an  important  consideration.  The  belief  of  McFar¬ 
land  that  mixed  tumors  of  salivary  gland  origin  are  more  easily  removed  in  their 
entirety  when  the  lesion  has  reached  an  appreciable  size  seems  applicable  to  the 
ameloblastoma.  In  those  cases  in  which  too  much  bony  structure  has  not  beer 
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destroyed  the  chances  for  complete  removal  are  greater  if  the  lesion  is  sufficiently 
large  to  permit  satisfactory  operative  procedure. 

The  ameloblastoma,  contrary  to  the  belief  of  many,  is  not  necessarily  a  pain¬ 
less  lesion.  This  is  undoubtedly  because  its  most  usual  site  of  occurrence  is 
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at  the  angle  of  the  ramus  and  the  body  of  the  mandible  where  it  may  easily  be¬ 
come  secondarily  infected.  The  presence  of  a  suppurative  inflammatory  proc¬ 
ess  may  influence  somewhat  the  reactivity  of  the  component  of  the  tumor 
resulting  in  a  pseudo-epitheliomatous  hyperplasia. 

The  incidence  of  an  inflammatory  reaction  within  the  tumor  mass  was  suffi¬ 
ciently  high  in  this  group  to  mark  it  as  an  almost  constant  occurrence.  In 
some  instances  the  exudate  was  scanty,  and  predominantly  chronic  in  character. 
The  age  of  the  fibrous  tissue  component  of  these  tumors  varies  proportionately 
with  the  age  of  the  tumor.  In  those  of  long  standing  considerable  collagen  is 
produced  which  tends  to  diminish  the  vascularity  in  these  areas. 
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PL.\TE  I 

Fig.  1.  Case  1.  Respiratory  epithelium  is  shown  at  A.  Note  loose  polypoid  stroma  B, 
and  irregular  islands  of  tumor  tissue  at  C.  Similarity  to  stellate  reticulum  is  clearly  evident 
in  this  area. 

Fig.  2.  Higher  power  of  case  1.  Blood  vessels  in  loose  mesenchymal  stroma  are  shown 
at  A .  Irregular  columnar  character  of  the  ameloblastic  epithelium  is  clearly  evident  at  B. 

Fig.  3.  Case  2.  Loose  mesenchymal  (pseudo-osteoid)  tissue  at  A,  has  undergone  calcifi¬ 
cation  at  B.  .\meloblastic  tumor  tissue  is  seen  at  C,  in  which  foci  of  calcification  are 
present. 

Fig.  4.  Higher  power  of  Case  2.  Islets  of  tumor  tissue  A,  are  contained  in  loose  mesen¬ 
chymal  stroma.  Degenerating  areas  of  stellate  reticulum  B,  have  progressed  to  frank 
cystic  areas  at  C. 

Fig.  5.  Tumor  elements  C,  and  the  stroma  D,  (Case  2)  are  show'n  in  more  detail  in  this 
higher  power  photomicrograph. 

Fig.  6.  Case  3.  Abundant  stellate  reticulum  -4,  is  shown  in  contrast  to  ameloblastic 
cells  B.  Chronic  inflammatory  exudate  is  seen  at  C  and  connective  tissue  stroma  at  E. 

Fig.  7.  Higher  power  of  Case  3.  Ameloblastic  character  of  tumor  cells  A,  may  be 
clearly  seen. 
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1‘LATK  II 

Fi<;.  1.  ('as«‘  4.  S(|uaiu(ius  character  «if  tuiiior  is  clearly  shown  at  .1,  aiul  H. 

Fh;.  2.  Hi)fher  petwer  of  ( 'ase  4.  Note  pleoniorphism  of  cells  shown  in  higher  power  at  .4. 
Character  of  stroma  may  he  seen  at  H. 

Fk;.  li.  ('as«‘  5.  C(»mhination  of  cystic  areas  .4,  ami  solid  tumor  at  H,  are  shown  in  this 
s«*ction. 

Fh;.  4.  Case  5.  .Section  from  anoth(‘r  area  of  same  tumor  showing'  well  ditferentiated 
feature's  of  solid  |>ortions.  Stellate  reticulum  .4,  amelohlastic  cedis  /f,  anel  cemne*ctivc 
tissue  streeina  ('. 

Fie;.  5.  Case  t).  Cystie-  ele‘Ke»eration  e»f  stedlate-  re'ticulum  is  preunineuit  in  this  e'as.;. 
More-  ne-arly  normal  ste-llate-  ce-lls  are-  slcewn  at  .1,  and  larj<e  e-ystie-  space-  e-emtainiiiK  keriitin- 
ize-ei  liranular  de-hris  at  li.  Connect  ive  tissue- st  roma  is  se-e-n  at  C. 


CULTIVATION  AND  ISOLATION  OF  MOUTH  SPIROCHETES^ 
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INTRODUCTION 

Complete  bacteriological  studies  of  material  from  cases  of  periodontosis,  ul- 
cero-membranous  gingivitis  and  tonsillitis  demonstrate  a  mixed  flora  of  spiro¬ 
chetes,  fusiform  bacilli  and  various  combinations  of  other  organisms  represent¬ 
ing  the  normal  mouth  flora.  With  the  exception  of  the  spirochetes  and  fusiform 
bacilli  none  of  the  various  organisms  is  found  dominant  or  constantly  present 
in  the  different  clinical  forms  of  disease.  The  constant  presence  and  predom¬ 
inance  of  the  spirochetes  and  fusiform  bacilli  gives  them  a  certain  etiological 
significance,  and  histological  examination  of  the  diseased  tissues  suggests  strongly 
that  there  is  a  fusospirochetal  infection,  since  these  organisms,  especially  the 
spirochetes,  are  found  deep  in  the  tissues,  often  in  advance  of  actual  necrosis 
(1,  4,  24). 

Successful  experimental  infections  of  animals  have  frequently  been  accom¬ 
plished  with  material  from  mouth  lesions  (3,  5, 6,  8, 9).  Such  methods  give  only 
suggestive  but  no  definite  evidence  of  the  pathogenicity  of  the  individual  organ¬ 
isms  involved.  The  need  for  experimenting  with  pure  cultures  or  with  mix¬ 
tures  of  pure  cultures  in  order  to  obtain  conclusive  results  has  been  pointed  out 
by  Smith  (5),  Proske  and  Sayers  (9)  and  Seguin  and  Vinzent  (10).  Smith  reports 
that  pure  cultures  of  the  individual  members  of  the  flora  found  in  Vincent’s 
infection  are  non-pathogenic  to  the  laboratory  animals  used,  but  that  character¬ 
istic  abscesses  may  be  produced  with  culture  mixtures  containing  Spirocheta 
microdentium,  fusiform  bacilli,  a  vibrio  and  an  anaerobic  streptococcus.  Inocu¬ 
lation  of  a  mixture  of  any  2  or  3  of  these  organisms  did  not  result  in  a  lesion. 
The  findings  of  Smith  are  supported  by  Proske  and  Sayers  who  worked  with 
cultures  obtained  from  pulmonary  fusospirochetal  lesions.  Seguin  and  Vinzent 
found  3  strains  of  Spirocheta  microdentium  slightly  pathogenic  for  guinea  pigs 
and  obtained  characteristic  abscess  formation  when  these  cultures  were  in¬ 
jected  together  with  a  culture  of  one  other  organism  {B.  fusiformis  or  ^‘Bacillus 
of  SordelW*). 

Most  of  the  organisms  found  in  periodontosis  or  ulcero-membranous  lesions 
may  be  cultivated,  isolated  and  identified  with  comparative  ease.  The  obstacle 
to  working  with  pure  cultures  has  been  the  diflSculty  to  obtain  pure  cultures  of 
the  mouth  spirochetes  and  to  identify  them  properly  once  they  have  been 
isolated. 

*  Received  for  publication  July  29, 1942. 
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Successful  cultivation  and  isolation  of  mouth  spirochetes  was  reported  by 
Miihlens  and  Miihlens  and  Hartmann  in  1906  (11, 12),  and  later  by  other  workers 
such  as  Noguchi  (13,  16),  Seguin  and  Vinzent  (10),  Smith  (4,  5),  Rosebury  (14) 
and  others  (15,  17,  18,  19,  20,  25).  All  authors  agree  that  growth  of  the  mouth 
spirochetes  can  be  obtained  only  under  anaerobic  conditions  in  media  containing 
some  enriching  substance  such  as  ascitic  fluid,  serum  or  blood,  whereas  the 
addition  of  fresh  tissue  does  not  seem  to  be  an  absolute  requirement  for  all 
strains.  The  isolation  of  the  spirochetes  has  been  attempted  by  many  different 
methods  such  as  centrifugation  (21),  prolonged  incubation  (10),  selective  media 
(10,  18),  and  most  frequently  by  growth  in  solid  media  (10,  11,  12,  13,  14,  15, 
16,  17).  Miihlens  (11,  12)  and  Shmamine  (15)  preferred  to  cultivate  the 
spirochetes  in  deep  agar  shake  tubes.  Noguchi  (13,  16)  used  the  method  of 
stab  inoculation  of  agar  tubes,  and  most  of  the  later  workers  have  employed 
some  modification  of  Noguchi’s  method.  Bacterial  growth  frequently  remains 
confined  to  the  stab  whereas  the  spirochetes  may  migrate  into  the  periphery 
from  where  they  may  be  isolated  through  repeated  transfers.  Robinson  (20) 
has  reported  isolation  of  mouth  spirochetes  by  growing  them  through  filter  paper, 
and  Kolmer  and  Kast  (19),  using  Robinson’s  method  for  purification  of  their 
strains  have  isolated  mouth  spirochetes  in  liquid  media  by  using  high  dilutions 
and  selective  media.  Recently  Rosebury  and  Foley  (14)  have  obtained  spiro¬ 
chete  growth  in  small  Petri  plates,  containing  a  very  thick  layer  of  a  solid 
medium. 

Little  is  known;  about  the  biological  properties  of  the  mouth  spirochetes  and 
even  the  strains  that  have  been  isolated  in  pure  culture  have  been  identified 
largely  on  the  basis  of  their  morphological  characteristics.  The  fact  that  such 
identification  is  inadequate  has  been  pointed  out  by  Akatsu  (22)  who  tested 
several  spirochete  strains  for  their  saccharolytic  activity  and  by  Vinzent  and 
Seguin  who  determined  the  saccharolytic  and  proteolytic  activity  and  the  sero¬ 
logical  relationship  of  the  strains  that  they  had  succeeded  in  isolating  (10). 

Mabirial  for  this  study  was  obtained  from  patients  of  the  dental  clinic  of  the 
Johns  Hopkins  Hospital,  in  whom  the  clinical  diagnosis  of  periodontosis,  ulcero¬ 
membranous  gingivitis  or  Vincent’s  infection  had  been  made.  Care  was  taken 
to  obtain  the  material  from  the  depth  of  the  lesions.  In  lesions  such  as  are 
found  in  cases  of  gingivitis,  the  material  was  obtained  with  sterile  cotton  swabs. 
In  cases  of  periodontosis  a  small  platinum  spud,  which  could  be  introduced  easily 
l>etween  the  teeth  and  the  gingiva,  was  used.  If  possible  a  fairly  large  amount 
of  material — enough  to  give  a  rather  heavy  turbidity  when  suspended  in  1  cc. 
of  beef  heart  infusion  broth  or  physiological  salt  solution — was  used.  This  mate¬ 
rial  was,  preferably  within  1  hour  after  it  had  been  obtained,  injected  into  guinea 
pigs  and  more  recently  inoculated  directly  into  culture  media. 

PRODUCTIOX  OF  .\BSCESSES  IX  GUINEA  PIGS 

It  has  been  shown  I)y  Smith,  Rosebury  and  others  (2,  3,  5,  6,  25)  that  subcu¬ 
taneous  inoculation  of  patients’  material  into  the  groin  of  a  guinea  pig  will  re¬ 
sult  in  an  alisceiss  which  contains  spirochetes  in  large  numbers  along  with  a 
variety  of  bacteria.  Kline  (2)  has  pointed  out  that  such  abscesses  cannot  be 
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interpreted  as  a  reproduction  of  the  typical  necrotic  fusospirochetal  lesions  in 
man,  and  that  the  characteristic  necrosis  is  obtained  only  if  mechanical  trauma 
of  the  tissues  is  applied  in  addition  to  the  inoculation  of  spirochete  material. 
WTiatever  the  interpretation  of  the  lesions  may  be,  the  production  of  guinea 
pig  abscesses  may  be  used  to  advantage  as  a  preliminary  step  in  the  cultivation 
of  mouth  spirochetes  in  artificial  media. 

Material  from  guinea  pig  abscesses  usually  contains  fewer  of  the  gas-forming 
organisms  that  are  frequently  found  in  mouth  lesions  and  which  make  the  culti¬ 
vation  in  artificial  media  difficult.  After  an  abscess  has  developed  the  pus  may 
be  used  for  the  inoculation  of  culture  media  or  small  amounts  of  pus  (0.1  to 
0.5  cc.)  may  be  injected  into  other  guinea  pigs.  Usually  several  guinea  pig 
passages  are  necessary  to  eliminate  the  gas-forming  organisms,  and  sometimes 
it  is  impossible  to  eliminate  them  by  this  method. 

In  addition  to  the  possibility  of  eliminating  the  gas-forming  organisms,  the 
production  of  abscesses  in  guinea  pigs  is  a  useful  means  to  preserve  material 
containing  spirochetes  for  future  cultural  work.  Provided  fresh  material  and 
a  sufficiently  large  amount,  0.25  to  0.5  cc.  of  the  broth  suspension,  are  used  for 
the  guinea  pig  inoculation,  there  is  usually  little  difficulty  in  producing  such 
abscesses.  However,  failures  occur,  especially  in  the  hot  summer  months,  a 
fact  that  finds  an  interesting  parallel  in  the  difficulty  in  infecting  rabbits  wnth 
syphilis  during  the  summer. 

It  is  generally  recommended  that  guinea  pigs  be  injected  subcutaneously  or 
intramuscularly  in  the  groin,  taking  care  to  avoid  the  peritoneum  (3,  25).  We 
have  used  this  method  but  have  lately  preferred  to  inject  the  animals  in  the 
external  muscles  of  the  thigh.  Abscesses  of  the  groin  occasionally  perforate 
into  the  peritoneum  or  cause  an  ascending  cellulitis  of  the  abdominal  and  thoracic 
wall,  whereas  the  abscesses  of  the  thigh  tend  to  remain  localized. 

It  should  be  emphasized  however  that  a  microscopic  preparation  of  guinea 
pig  pus  and  of  patients’  material  may  present  different  pictures.  In  a  typical 
case  of  Vincent’s  infection  several  morphological  forms  of  spirochetes  are  found 
corresponding  to  Treponema  microdentium,  T.  macrodentium,  T.  huccale  and  T. 
rincenti  as  described  by  Noguchi  (23),  T.  vincenti  being  the  predominant  organ¬ 
ism.  In  guinea  pig  pus  we  have  found  the  majority  of  the  spiral  organisms  to  be 
small,  regularly  coiled  spirochetes  (T.  microdentium)  whereas  the  other  morpho¬ 
logical  forms  were  present  in  negligible  numbers  or  not  at  all.  Similar  findings 
were  reported  by  Rosebury  (3)  but  Proske  and  Sayers  (25)  have  found  the  same 
morphological  forms  in  guinea  pig  pus  as  in  patients’  material.  It  appears  that 
T.  microdentium  is  the  mouth  spirochete  that  is  most  easily  maintained  in 
animal  passages,  just  as  it  is  the  only  mouth  spirochete,  the  successful  cultiva¬ 
tion  of  which  has  been  repeatedly  reported.  Cultivation  of  T.  macrodentium 
(4, 16, 19)  and  T.  buccale  (4,  25)  has  been  reported  less  frequently  and  T.  vincenti 
apparently  has  not  been  obtained  in  pure  culture. 

CULTIV.\TION  AND  ISOLATION  IN  ARTIFICIAL  MEDIA 

Our  efforts  to  cultivate  mouth  spirochetes  in  artificial  media  and  to  isolate 
them  in  pure  culture  have  been  made  with  material  from  guinea  pig  abscesses 


546 


OTTO  W.  WICHELHAUSEX  AND  RUTH  H.  WICHELHAUSEN 


and  more  recently  with  material  from  mouth  lesions.  If  such  material  is  inocu¬ 
lated  into  a  liquid  medium  spirochete  growth  may  be  obtained,  but  the  spiro¬ 
chetes  are  far  outnumbered  and  frequently  completely  overgrown  by  the  accom- 
panjnng  bacteria.  We  have  therefore  tried  to  purify  our  cultures,  patients’ 
material  and  guinea  pig  pus,  by  filtration  and  by  growth  in  solid  media. 

Filtration  Method:  It  has  been  shoxsTi  by  Noguchi  (7,  23)  that  the  spirochetes, 
T.  ■pallidum  and  T.  pertenue,  though  not  filtrable  in  the  customary  sense  of  the 
word,  will  grow  through  Berkefeld  filters.  Filter  cylinders  Chamberland- 
Pasteur,  porosity  L3  and  Ls,  were  used  for  our  filtration  experiments.  Ordinary 
test  tubes  of  a  diameter  of  18  mm.  were  heated,  approximately  at  the  junction 
of  the  lower  and  middle  third  and  both  ends  of  the  tubes  were  pulled  apart 
gently,  in  order  to  obtain  a  constriction  of  the  tubes  of  about  7  mm.  in  diameter 
and  1  cm.  in  length.  The  tubes  were  plugged  with  cotton,  sterilized  and  filled 
with  a  beef  heart  infusion  broth  (Medium  I,  Table  II)  to  a  level  2  mm.  above  the 
constriction.  The  filters,  previously  sterilized  in  separate  test  tubes,  were 
soaked  by  filling  them  with  beef  heart  infusion  broth.  After  15  minutes  any 
remaining  broth  was  removed  with  a  capillarj'  pipette  and  the  filters  were  then 
introduced  with  sterile  forceps  into  the  broth  tubes.  They  were  held  in  position 
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FILTERS  USED 

results:  contents  of  filtrate 

total  number 

No 

organisms 

Motile  1 
bacilli  j 

Spirochetes 
and  bacilli 

Spirochete® 

only 

experiments 

Chamberland-Pasteur  Li . 

— 

1 

6 

18 

38 

Chamberland-Pasteur  Ls . 

H 

0 

1 

3 

13 

by  the  constriction,  the  lower  2  to  4  mm.  of  the  filter  being  immersed  in  the 
medium.  The  filters  were  inoculated  with  0.5  to  1  cc.  of  material  containing 
spirochetes  by  means  of  a  capillary  pipette.  Thick  material,  i.e.,  pus  from  a 
guinea  pig  abscess,  was  diluted  previous  to  this  operation  with  a  small  quantity 
of  the  Ijeef  heart  infusion  medium.  The  tubes  were  incubated  at  37®C.  in  Brown 
or  Brewer  anaerobe  jars,  employing  hydrogen.  The  filtrate  was  examined 
under  the  darkfield  as  soon  as  there  was  the  slightest  indication  of  growth,  i.e. 
a  faint  turbidity,  otherwise  approximately  every  48  to  72  hours.  If  no  organ¬ 
isms  were  found  the  filters  were  reincubated  over  a  period  of  2  weeks.  The  re¬ 
sults  obtained  are  summarized  in  Table  I. 

It  was  found  that  the  spirochetes  may  pa.ss  the  filters  as  early  as  24  hours  and 
as  late  as  10  days  following  inoculation,  the  average  time  required  for  passage 
being  between  40  and  72  hours.  In  many  instances  the  spirochetes  did  not  pass 
the  filter  at  ail.  If  the  passage  time  exceeded  4  days  the  filtrate  containing 
spirochetes  was  in  a  number  of  cases  found  contaminated  with  bacteria,  usually 
tiny  motile  bacilli.  Twenty-one  pure  cultures  of  mouth  spirochetes  were  ob¬ 
tained  by  this  filtration  method,  but  these  cultures  did  not  remain  viable  for 
more  than  2  or  3  days,  and  we  have  been  unable  to  recover  subcultures  for  more 
than  1  or  2  generations. 
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('iiltiration  in  Deep  Atjar  Shake  Tnhen:  Since  the  cultivation  of  moutli  spiro- 
clu'tes  in  solid  ini'dia  proved  to  us  a  more  reliabh*  inetluMl,  the  use  of  filtei’s  for 
the  purification  of  spirochete  material  was  temporarily  ahandonwl.  We  have 
however  resumed  the  filtration  exjjeriments  in  combination  with  solid  media 
and  will  report  on  those  iaier  in  this  paper. 

A  liquid  mediurr  containing  beef  heart  infusion  broth,  ascitic  fluid  and  cysteine 
hydrochloride  is  a  widely  used  medium  for  the  cultivation  of  spirochetes.  We 
found  that  mouth  spirochetes  in  mixed  culture  would  grow  well  in  such  a  medium 
(Medium  I,  Table  II)  which  also  supported  the  growth  of  several  laboratory 
strains  of  Treponema  pallidum,  the  English  and  the  (Jerman  Reiter  strains  and 
th(‘  Nichols  and  Noguchi  strains. 

In  an  attempt  to  find  a  suitable  solid  medium  for  mouth  spirochetes  wv  carrii'd 
out  some  preliminary  expi'riments  with  pure  cultures  of  Treponema  pallidum 
(K(*iter,  Nichols,  Noguchi)  rather  than  with  mixed  cultures  of  mouth  spinK-hetC';. 
It  was  found  that  the  addition  of  small  amounts  of  agar  to  Medium  I  (Medium 
II,  Table  II)  resulted  in  improved  spirochete  growth  and  that  on  addition  of 
0.(i,  0.8  and  1  jH'r  cent  agar  to  Medium  I  (Medium  VII)  growth  of  thes?  spiro- 
ch(*tes  in  isolated  and  typical  colonies  could  Ik*  obtained. 

We  used  the  method  of  stab  inoculation  of  the  agar  tuln's  only  in  the  Ix'ginning 
of  our  work  Ix^cause  we  found  it  prid'erable  to  use  dtH'i)  agar  shake  tulx's.  'I'hc 
melted  agar  was  in<K*ulat(‘d  at  a  temixMature  ol  42°C’.,  the  inoculum  was  w«‘ll 
mix(‘d  and  the  tulx*s  were  incubated  in  anacrolx*  jai^s  at  a  tem|x‘rature  of  37°(\ 
.Vs  a  rule  visible  growth  occurred  5  to  15  days  following  in(x*ulation.  d'he  iiuxai- 
lation  of  the  melted  agar  results  in  isolated  colonies  whmeas  by  stab  inoculation 
growth  is  obtained  only  along  the  stab.  Vnother  advantage  is  that  it  is 
possible  to  mea.sure  the  amount  of  imxndum  more  accurately. 

'Phe  same  medium  (Medium  VII)  was  imx-ulated  with  mixed  cultures  of  mouth 
spinx-hetes  and  with  material  from  guinea  pig  absc(*sst*s  or  mouth  h'sions,  and 
the  mouth  .spinx-hetes  grew  in  the  same  typical  colonics  as  did  the  T.  pallidum 
strains. 

'Phe  spinx’lu'tc  colonies  have  an  average  diameter  of  0.5  to  1.5  mm.  They 
appear  cloudy  due  to  their  very  p<x)rly  dtdined  outlines.  When  .such  a  colony 
is  fished  as  a  whole  and  examined  under  the  darkfield,  the  center  represents  a 
solid  mass  in  which  no  details  can  lx*  distinguished,  whereas  in  the  periphery 
entangled  mas.ses  of  spinx'hetes  an*  .s(*en  from  which  individual  organisms  radiate 
into  the  surrounding  agar.  'Plu'se  spinx'hetes  are  freciuently  non-motile  but 
siiecessful  transfers  have  pn)ven  their  viability. 

In  very  young  cultun*s  spinx-hete  growth  ap|X‘ars  just  as  a  slight  haze  which 
is  difficult  tosei*  and  which  may  lx*ov(*rhx)k(*d  unless  the  tulx*s  areexamineil  under 
oblicjue  light .  'Phe  fully  develop(*d  spinx-lu'te  coloni(*s  an*  macroscopically  t*asily 
visible*  and  an*  <*asily  n*cognizable  in  a  mix(*d  cultun*  lx*caust*  tlu*ir  ditVusiveness 
distinguish(*s  tlu*m  from  the*  nmre  distinct  ami  wt*ll  outliiu*d  colonies  «)f  the 
ordinary  bact(*ria. 

'Ph(*  coloni<*s  may  lx*  fish(*d  from  th<*se*  agar  shake*  tidees  with  a  e-apillary  pi- 
IH'lte*.  Whe*n  a  fre*sh  me*elium  is  inex‘ulate*el.  the*  agar  e*e>lumn  in  the*  pi|x*tte*  may 
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he  ex|)<“lle(l  and  hroken  off  just  al)()ve  tlu*  spirochett'  colony,  and  usually  a  pure 
eultun*  may  he  obtained  after  a  limited  numher  of  suheultures.  'Plu'  suheultuo's 
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nti  =  fh'cj)  ajjar  sliakc  f  |)1  =  plat*-. 

Liijoid  media:  ,  I  t»)  It  spiroc-hiUc-s  j)cr  (icl<l;  iiiipassihU*  t(t  inaiiitaiii  pure  suhfultures; 

+  2  to  5  spinx-lietes  per  iiiipossiltle  to  inaiiitaiii  pun*  suheultures  of  most  strains; 

+  +  4-,  o  to  10  spiro<-liet<*s  per  li<*l<l;  possible  to  mainttiin  pure  suheult iirt's;  4“l"  +  “t")  lb  1" 
to  spiroelietes  per  field;  k*'Oi1  stoek  eulture  medium. 

Solid  me/lia:  -f,  ptjor  (fiowt li  ohtaiuahli* ;  results  very  irrejiular;  +  sat  isfaef ory  urowtli 
obtainable;  r«*sults  irregular;  +4-  +  ,  nuo*!  urowtb  in  O')  to  H!)  per  <-enl  of  all  cultures; 
4- 4- 4- 4-,  abumlaiit  j£rowtli  inOOto  100  percent  of  all  cultures. 


may  he  mad(*  in  either  solid  or  litprxl  media.  ( )ur  usiud  proeedurt*  is  to  lninsf<*r 
a  whole  sjtiroehett*  colony  to  a  litpiid  medium  and  to  use  vaiTintj;  amounts  of 
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tliis  broth  (one  loop  to  s(‘V(*raI  drops)  as  inocula  for  the  agar  m(>(lium.  In  addi¬ 
tion,  one  whoU‘  colony  is  transterred  to  an  agar  shake  tube,  taking  care  to  br(*ak 
uj)  the  colony  as  much  as  jiossible.  This  latti'r  procedure  is  followed  because 
a  v('ry  large  inoculum  is  freiiuently  ni'cessary  to  obtain  spiroclude  growth. 
'Phis  is  especially  true  for  spirochetes  from  original  material  and  for  the  first 
gj'iu'iations  in  artificial  mi'dia.  The  nei'd  of  a  large  inoculum  is  one  of  the 
factors  that  make  the  isolation  of  mouth  spirochetes  particularly  difficult.  A 
large'  inoculum  of  spiroclu'te  material  from  the  mouth  neces.sarily  involves  the 
inoculation  of  a  large  number  of  the  rapidly  and  profusely  glowing  bacteria. 
Since  it  is  unpredictable  how  large'  the  ineiculum  freun  jiatients’  material  must  be 
te)  re'sult  in  spireichete  greiwth,  it  is  aelvisable  te)  use  at  least  (>  te)  10  ineicula  eif 
varying  size  (1  lewip  to  1  elrop  eif  the  breith  suspensiem)  for  the  initial  cultures  in 
artifie'ial  me'elia.  Tsually  I  te)  3  eif  the  cultures  will  sheiw  spireichete  grejwth, 
anel  the  eine  which  st'cms  meist  pre)mising  is  cheisen  feir  subseepient  transfei>!. 

'Fhe  iseilatiein  e)f  strains  e)f  memth  spireiche'tes  freim  lu'avily  eir  even  einly  meieler- 
ately  e'eintaminate'el  shake  tube's  is  a  jirex'e'ehire'  that  reepiires  a  certain  ameiunt  e)f 
te'chnical  skill  anel  usually  involve's  a  number  e)f  subculture's  until  a  pure  culture 
is  eebtaiiu'el.  We  have  attempte'el  te)  e)vere*e)me  tlu'se  elifficultie's  by  2  me'tlmels: 
1.  the  ce)mbinatie)n  e)f  the  abe)ve'  ele'scribe'el  filtratie)n  me'the)el  with  cultivatie)n  in 
a  se)liel  me'elium,  anel  2.  the  cultivatiem  e)f  the  me)uth  spire)chete's  in  plate's  rather 
than  in  .shake  tube's. 

Comhinntion  of  Filtration  anil  drouih  in  Solid  Media:  Fe)r  the  filter  metheeel 
the'  same  e‘e)nstricte'el  tube's  as  ele'scribe'el  abe)ve'  are'  use'el.  The'  tube's  are  fille'el 
with  Me'elium  \'II  which  is  kept  liepiiel  until  the  filter,  previeeusly  .se)ake'el  with 
be'e'f  lu'art  infusie)n  bre)th,  is  intreeehu'e'el  inte)  the  tube'.  The  le)we'r  2  mm.  e)f  the 
tilte'r  she)ulel  be*  immerse'el  in  the'  agar.  .\  ye)ung,  impure  spireechete  culture' 
e)r  a  suspe'nsie)n  e)f  spire)e*he'te'  mate'iial  is  pipette'el  inte)  the  filter  anel  the  tube's 
are'  the'u  incubate'el  in  an  anaereebe'  jar. 

If  the'  spire)che'te's  have'  gre)wn  threeugh  the'  filter  tlu'ir  pivsene'e  in  the  agar 
is  inelie-ate'e!  by  the'  appe'aranea'  e)f  a  slight  haze  in  the'  me'elium  imme'eliately  .sur- 
louneling  the  filte'r.  Fre)m  sue*h  e'ulture's  pure'  .subculture's  in  liepuel  anel  .seeliel 
me'elia  may  be  e'asily  eebtaine'el.  With  this  me'elium  we  have'  ne)t  e'ne‘e)unte're'el 
spireee'he'te  culture's  e)f  le)w  viability  as  ele'scribe'el  abeeve.  If,  as  is  e)e*e*a.sie)nally 
the  e-ase',  the-  spireee'he'te's  are'  ae'e'eempanie'el  by  meetile  bae'illi,  the  bacterial  gre)wth 
in  the'  agar  is  slight  anel  subse'eiue'nt  ise)latie)n  e)f  the'  spiiochete  strains  is  much 
facilitate'el, 

('idtiration  in  lilood  Aijar  Flalex:  (Jate's  (2()),  Feertiu'r  (27,  2S)  anel  .\ksjanze'w- 
Malkin  (20)  have'  re'peerte'el  the'  e'ultivatieen  e)f  T.  pallidnm  anel  e)f  a  me)uth  spire)- 
chete'  e)n  the*  surfae'e'  e)f  ble)e)el  agar  i)late'.s.  In  spite*  e)f  many  atte'inpts  we*  have 
e)nly  eeiu'e*  e)btaine*el  gre)wth  e)f  7'.  pallidnni  (Strain  Ka.san)  e)n  the*  surfae'e*  e)f  a 
blood  agar  plate*,  anel  eenly  twie-e*  have*  we*  se'e'ii  .surfae'e*  greewth  e)f  the*  me)uth 
.spiroe'he'te's  eui  bleeeeel  agar  (Strain  S  20).  The*  e'eeleenie's  e)f  the*  Kasan  strain 
me'asure'el  1  mm.  in  eliame*te'r  anel  apjM'are'el  gre'e'nish  gre'y  by  transmitte'el  light. 
The'ie*  was  ne)  lu'meelysis.  \’ie'we*el  freem  the*  surfae'e*  tlu'y  appe'are*el  very  elelie*ate, 
we'll  outliiu'el,  e-ausing  a  slight  ele*pre'ssie)n  in  the*  agar  rather  than  In'ing  eh'vate'el 


Fk;.  1.  Surface  colony  of  Treponema  pallidum  (Kasan)  on  blood  agar  plate. 

Fie.  2.  Mixed  culture  of  bai’teria  ami  mouth  spirochetes  in  blood  agar  (entire  plate 
hemolyzed).  Natural  size. 

Fie.  2a.  Spirochete  colony  of  Jig.  2.  X37. 

Fig.  3.  l*ure  culture  of  mouth  spirochetes  in  blood  agar  plate.  Natural  size. 

Fie.  3a.  Spirochete  colony  of  Jig.  3.  Xl7. 


it  lia.s  been  i)()s.sil)lc  to  cultivate  mouth  .spirochctc.s  and  several  strains  of  T. 
{xillidiim  in  the  depth  of  blood  agar  plat(*s. 

To  10  ec.  of  I.o  per  cent  beef  heart  infusion  ap:ar,  pH  7.8  to  7.o,  was  addl'd 
1  cc.  of  di'fibrinated  rabbit  blood  (Medium  XIV,  Table  II).  The  medium  was 
inoeidati'd  with  .spiroehi'te  material  at  a  temiK'rature  of  45  to  4()°(’.,  and  the 


abovi'  its  surface.  Only  the  center  of  the  colonies  showed  a  distinct  knob-liko 
elevation  (fii/.  /).  Tlu*  growth  of  the  mouth  spirochetes  appeared  as  an  I'x- 
tremely  di'licate,  colorless  film  on  the  surface  of  the  blood  agar  plates.  I.solated 
colonies  could  not  be  distinguished  and  hemolysis  was  not  apparent.  However 
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plat('s  won*  incuhatud  in  anai'robc  jars  for  at  least  5  days  and  sometimes  as  long 
as  3  weeks. 

Spirochete  colonies  in  such  1)1o(k1  agar  plates  are  characteristic,  so  that  they 
may  he  r(*cognized  easily  and  distinguished  from  bacterial  colonies  in  a  mixed 
culture  2).  They  measure  usually  0.5  to  1  mm.  in  diameter,  but  may  reach 
a  diameter  of  1 .5  mm.  They  are  always  very  pimrly  defined  and  never  show  the 
distinct  outlines  of  bacterial  colonies  2a).  When  they  first  develop  they 
arc  sometimes  so  delicate  that  they  might  be  overlooked,  but  they  may  be  de¬ 
tected  by  examining  the  plate  under  obliipie  light.  If  the  plate  is  reexamined 
3  or  4  days  later  the  colonies  are  easily  visible  and  are  surroundi'd  by  a  zone  of 
cciually  poorly  defined  partial  hemolysis,  the  average  diameter  of  the  hemol¬ 
ytic  zone  iM'ing  1.5  to  2  mm.  (^figs.  3,  3a).  A  few  of  the  blood  cells  in  this  zone 
appear  intact,  but  fixed  corpuscles  are  never  encountered,  so  that  the  hemolysis 
may  be  described  only  as  a  partial  one,  not  corresponding  to  either  the  typical 
alpha  or  beta  tyjx's  of  hemolysis,  proiluced  b,v  streptococci. 

Kighteen  strains  of  mouth  spirochetes  and  3  strains  of  T.  pallidum  (Strains 
Noguchi,  Nichols  and  Kasan)  have  been  cultivated  in  the  depth  of  bloml  agar 
plates.  .\11  of  them  have  shown  the  same  characteristic  cloudv'  colonies  sur¬ 
rounded  by  a  zone  of  partial  hemolysis.  It  has  therefore  not  been  passible  to 
use  their  appearance  in  blood  agar  plates  as  a  means  of  differentiation  between 
tlie  strains.  If  the  plates  had  Iktui  exposed  to  prolong(*<l  incubation,  or  if  spiro- 
ohet(‘  growth  in  them  was  heavv,  the  hemolysis  was  not  always  apparent,  the 
plates  being  either  completely  hemolyzed  or  .showing  no  hemolysis  at  all.  He- 
l)lating  of  such  apparently  non-hemolytic  spirochetes  has  demonst  rat  (h1  all  strains 
thus  far  examiiu'd  to  be  hemolytic  under  suitable  conditions. 

It  should  b(‘  statinl  however  that  growth  of  the  mouth  spirochetes  in  the.s(* 
blood  agar  plates  was  not  obtained  with  the  same  regularity  as  it  was  in  the 
shaki'  tubes  containing  MiHlium  VII.  If  parallel  cultures  were  made  in  the  deep 
agar  .shake  tubes  and  in  bloiMl  agar  plates,  the  re.sults  obtained  in  the  shake  tubes 
wen*  three  to  four  times  as  good  as  in  the  plates,  i.e.  negative  plate  cultures 
(•orr(>s|Mmded  to  |X)sitive  growth  in  shake  tubes  in  a  number  of  in.stances  and  the 
spircM'hete  colonies  in  shake  tubes  were  always  more  numerous  than  in  the  plates. 

In  an  attempt  to  explain  the  di.screpancy  of  these  re.sults  .several  factors  should 
Ih‘  considered:  1.  Medium  \'II  contains  cysteine  hydrochloride.  .Vddition  of 
cysteine  hydrochloride  to  the  bl(MMl  agar  (Medium  XV)  did  not  improve  the  re¬ 
sults.  2.  Medium  \TI  contains  ascitic  fluid  whereas  bl(M)d  was  used  for  the 
plates.  Addition  of  ascitic  fluid  (MtHlium  Xlb)  in.stead  of  bhMul  to  the  1.5  |H‘r 
cent  beef  heart  infusion  agar  I’esulted  in  similar  or  even  poorer  growth  than  that 
encountered  in  blood  agar  plates.  Parallel  cultures  in  liipiid  media  showed  that 
in  g(*neral  mouth  spirochetes  prefer  media  containing  blood  to  those  containing 
ascitic  fluid.  3.  Tin*  shake  tubes  were  ordinarily  inoculated  at  a  temiauature 
of  42°('.,  whereas  a  nu'dium  with  a  1.5  jMM  cent  agar  concentration  re(|uiivs  imHui- 
lation  at  45  to  4(i‘’(’.  Shake  tubes  containing  Mc'dium  \'II  were  inoculated  with 
corresponding  imKuila  at  42  and  45°(\  and  identical  n'sults  were  obtained  in 
cither  culture.  4.  The  establishm<*nt  of  an  imm(‘diate  ami  complete  anaero- 
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biasis  in  the  shako  tubos  may  l)o  of  influonc(‘.  The  (lifT(‘ronco  in  aiuu'robio  con¬ 
ditions  could  bo  partly  ovorconio  by  tho  placing  of  tho  cultures  in  tho  anaorol)o 
jar  as  oarly  as  possible  following  inoculation.  It  was  obs('rv('d  occasionally  that 
shako  tubos  showed  no  growth  in  tho  upper  2  to  4  mm.  of  tlu*  nu'dium.  'fins 
layer  corr(*sponds  to  tho  depth  of  agar  in  idatos,  and  failures  to  obtain  satisfac¬ 
tory  spinK'hete  growth  in  single  layer  plates  may  be  attributed  at  least  in  part 
to  the  lack  of  an  immediate  anaerobiasis.  5.  The  1  p(‘r  cent  agar  medium  used 
in  the  shake  tubes  is  too  soft  for  plating  purposes.  We  originally  used  1.5  jx'r 
cent  agar  for  the  jdate  cultures  in  order  to  obtain  plates  that  could  be  inverted 
during  incubation,  ('ontrol  cultures  were  made  in  shake  tulx's  containing  1 
per  cent,  1.25  per  cent  and  1.5  per  cent  agar  (.Medium  VII,  X,  XII).  It  was 
found  that  mouth  spirochetes  may  grow  in  the  1 .25  jx'r  cent  and  1 .5  p('r  cent 
agar,  but  that  growth  is  obtained  with  less  regularity  in  the  higher  agar  concen¬ 
trations.  We  have  therefore  more  recently  inoculated  1  per  cent  beef  heart 
infusion  agar  with  spirochete  material,  poured  the  plate  and  after  the  medium 
had  solidified,  covered  it  with  a  layer  of  1.5  per  cent  beef  heart  infusion  agar  in 
order  to  hold  the  softer  agar  in  place.  Blood  was  not  added  to  the  surface  layer 
so  that  transparency  of  the  medium  would  be  maintained.  This  method  which 
combines  the  more  favorable  1  i)er  cent  agar  medium  with  improved  anaerohic 
conditions  has  given  us  much  better  si)irochete  growth  than  the  1.5  p(*r  cent 
single  layer  plates,  although  the  results  are  not  yet  identical  to  those  obtained 
in  the  shake  tubes.  In  these  double  layer  plates  the  colonies  present  the  same 
aijpearance  as  in  the  single  layer  jdates  describ(‘d  above.  (Corresponding  results 
were  obtained  when  Medium  \dl  was  poured  into  plates  and  covered  with  a 
layer  of  1.5  per  cent  beef  heart  infusion  agar  (Medium  XIII). 

Nineteen  pure  cultures  of  mouth  si)irochetes  have  thus  far  be(‘n  isolated  from 
solid  media,  either  from  Medium  \'II  in  shake  tubes  or  from  blood  agar  plates. 
Nine  of  them  were  obtained  from  guinea  pig  absces.ses,  ten  from  material  taken 
directly  from  the  patient.  .Ml  these  strains  have  certain  common  characteris¬ 
tics  but  may  be  distinguished  from  each  other  by  dilTerences  in  growth  re(iuirc- 
ments  and  morphology. 

.MOHPHOI/KJV 

Since  we  have  found  initial  s])irochete  growth  as  early  as  3  days  and  as  late 
as  21  days  following  inoculation,  it  is  impossible  to  consider  a  spirochete  culture 
of  a  certain  age  as  a  basis  for  moridiological  description.  However  certain 
morphological  features  have  been  observed  with  such  regularity  that  they  may 
be  reported  as  typical  for  these  strains. 

.Ml  strains  with  the  exception  of  one  (S  84)  ai’o  tightly  and  regularly  coiled 
spirochetes,  the  younger  cultures  containing  organisms  with  (i  to  10  spirals, 
whereas  in  the  older  ones  very  long  forms  with  as  many  as  40  spirals  may  l)e 
observed.  None  of  our  strains  .seems  to  b(‘  the  delicate,  loosely  and  irregularly 
coiled  organism  desciibed  by  ^Mncent  and  so  frecpiently  found  in  original  ma¬ 
terial. 

Fifteen  of  the  strains  usually  appear  as  delicate  spirochetes  with  0  to  10  regular 
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tight  coils,  'rheir  average  length  is  8  to  15  microns,  their  diameter  0.3  to  0.0 
micion.  Representative  organisms  of  this  group  of  spirochetes  are  shown  in 
Jigs,  -f,  and  5.  In  a  motile  culture  the  spirals  appear  a  little  looser  and  less 
regular  than  shown  in  the  illustration.  The  spirochetes  show  a  certain  though 
not  a  very  pronounced  flexibility.  Movements  are  chiefly  rotating,  but,  es¬ 
pecially  in  solid  media,  a  slow  serpentine  motion  may  be  observed. 

One  strain  (S  84)  is  a  larger  spirochete  with  irregular  and  rather  loose  coils, 
measuring  Hi  to  20  microns  in  length  and  0.4  to  0.7  micron  in  width  (Jig.  6). 


Darkjield  photomicrographs: 

Fig.  4.  S  31-78  (Group  C)  XI 140, 
Fig.  5.  S  79  (Group  C)  X1140. 
Fig.  6.  S  84  (Group  B)  XI 140. 
Fig.  7.  S58-1  (Group  .\)  X1140. 


In  older  cultures  the  motion  is  chiefly  rotating  whereas  in  young  cultures  an 
active  serpentine  motion  of  the  flexible  organism  may  lie  observed.  Terminal 
filaments  which  are  much  thinner  than  the  spirochete  body  and  often  slightly 
wavy  have  been  seen  repeatedly  under  the  darkfield,  but  we  have  not  been  able 
to  demonstrate  them  by  staining  methods. 

Terminal  filaments  are  also,  but  only  rarely  found  in  the  spirochetes  of  the 
strains  S  2(),  S  58-1  and  S  58-33.  The  average  length  of  these  organisms  is 
20  to  25  microns,  their  diameter  0.8  to  1  micron  (Jig.  7).  The  central  portion 
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of  tlu‘  spiroclu'tes  consists  of  rofjularly  and  closely  wound  coils,  the  distal  coils 
heinf?  more  open  anil  often  bent  at  an  obtuse  angle  to  the  axis  of  the  spirochete. 
In  an  actively  motile  culture  the  motion  is  rapid  and  exclusively  rotating.  Slug¬ 
gishly  motile  organisms  show  the  motility  to  be  confined  to  the  distal  spirals, 
the  center  remaining  motionless  and  rigid.  A  similar  morphology  and  type  of 
motility  may  be  observed  in  some  of  the  culture  strains  of  T.  pallidum  (Reiter, 
Kasan). 

MEDIA  AND  GROWTH  REQITREMEXTS 

Alt  cultures  grew  only  under  anaerobic  conditions.  They  were  incubated  in 
anaerobe  jars  with  the  exception  of  the  cultures  in  Brewer’s  thioglycollate  me¬ 
dium  (30)  which  were  not  placed  in  the  jars.  The  incubation  time  necessary  to 
obtain  satisfactory  growth  varied  from  3  to  21  days.  Subcultures  from  young, 
i.e.  5  to  7  day  old  cultures  usually  showed  initial  growth  3  to  5  days  following 
transplantation.  Subcultures  from  fluid  media  grew  out  faster  than  those  from 
solid  media.  Parallel  subcultures  made  in  a  liiiuid  medium,  a  shake  tid)e  and  a 
|)late  culturi*  usually  showed  growth  first  in  the  liipiid  medium  and  last  in  the 
])lat(‘  cultures.  .\11  cultures  were  incubati'd  for  3  wi'eks  before  being  discarded 
as  ni'gative. 

The  basis  for  all  culturi'  media  with  the  exci'ption  of  the  thioglycollati*  mi'dium 
was  fresh  beef  heart  infusion  broth. 

d’o  500  gm.  of  freshly  ground  beef  heart  was  added  1,(KM)  cc.  of  water.  The 
mixture  was  infused  overnight  in  the  refrigerator,  and  on  the  following  morning 
boiled  for  10  minutes.  The  broth  was  filtered  through  filter  pai)er.  To  each 
1,(M)0  cc.  of  broth  were  added  5  gm.  sodium  chloride  and  10  gm.  thio  peptone 
(Wilson). 

.\  limited  number  of  cultures  has  been  made  in  pork  infusion  broth  and  pork 
infusion  agar.  Spirochete  growth  has  been  obtained  in  these  media,  but  we  do 
not  have  enough  data  to  compare  the  pork  with  the  beef  heart  infusion  media. 
The  beef  heart  infusion  was  modified  by  the  addition  of  various  combinations  of 
ascitic  fluid,  blood,  agar,  reducing  agents  and  ’.y  varying  the  pH  of  the  media, 
as  shown  in  Table  II. 

'Fhe  blood  usi'd  was  defibrinated  rabbit  bloixl.  For  blood  agar  plates  1  cc. 
of  blood  was  added  to  10  cc.  of  the  medium.  Four  drops  of  blood  were  added 
to  the  liiiuid  beef  heart  infusion  media  (Medium  III  to  Va). 

Not  all  lots  of  ascitic  fluid  were  found  suitable  for  the  cultivation  of  mouth 
spirochetes.  Specimens  that  were  cloudy  or  contained  bile  were  rejected.  We 
have  not  bi'en  able  to  use  determinations  of  the  pH  and  the  protein  content  as 
a  guide  in  choosing  a  suitable  ascitic  fluid  and  have  found  it  most  helpful  to 
test  the  ascitic  fluid  by  using  it  for  the  cultivation  of  the  Nichols  and  Noguchi 
strains  of  T.  pallidum.  If  these  2  strains  grew  in  the  ascitic  fluid  in  ipiestion, 
it  coidd  always  Ih'  used  for  the  cultivation  of  the  mouth  spirochetes.  The  ascitic 
fluid  was  heated  at  5()°C’.  for  1  hour.  All  ascitic  fluid  mi'dia  contained  ascitic 
fluid  in  a  final  concentration  of  10  per  cent. 

Sjx'cial  care  was  taken  to  pii'pare  cli'ar,  transpariait  agar  minlia  without 
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sediment,  because  the  delicate  young  spirochete  colonies  are  more  easily  visible 
in  a  clear  medium  and  particles  of  a  flocculent  sediment  may  be  confused  with 
spirochete  growth. 

Sodium  thioglycollate  was  added  to  the  media  before  autoclaving,  in  a  final 
concentration  of  0.1  per  cent. 

The  cysteine  hydrochloride  was  prepared  in  a  1  per  cent  solution  and  sterilized 
by  autoclaving  it  for  5  minutes  at  15  lb.  pressure.  It  was  neutralized  with  N/1 
sodium  hydroxide  just  prior  to  its  addition  to  the  different  media,  to  which 
enough  cysteine  hydrochloride  was  added  to  result  in  a  final  concentration  of 
0.1  per  cent. 

Media  I  and  la  were  found  to  be  satisfactory  media  for  mixed  cultures  of 
spirochetes  and  bacteria,  but  they  did  not  support  the  growth  of  pure  cultures 
of  mouth  spirochetes  in  successive  subcultures.  The  stimulating  effect  of  con¬ 
taminating  microorganisms  on  spirochete  growth  has  been  emphasized  by  Vin- 
zent  and  Seguin  (10)  and  Kolmer  and  Kast  (19),  and  we  can  confirm  the  obser¬ 
vations  of  these  authors  by  our  own  experience. 

A  pH  of  7.2  to  7.9  is  generally  regarded  as  the  optimum  hydrogen  ion  concen¬ 
tration  for  spirochete  media  (31,  32,  34).  Weiss  and  Wilkes-Weiss  report  that 
spirochetes  (T.  'pallidum)  do  not  develop  at  a  pH  lower  than  6.9  and  that  they 
disintegrate  in  media  of  a  pH  of  6.1  to  6.4,  whereas  Soheff  (33)  was  able  to 
maintain  viable  spirochete  cultures  in  media  of  pH  of  6.2.  We  have  made  a 
number  of  parallel  cultures  in  media  with  a  pH  of  6.4  to  6.6  and  7.3  to  7.5. 
Spirochete  growth  was  obtained  at  either  hydrogen  ion  concentration.  In 
liquid  media  there  was  little  or  no  difference  in  the  amount  of  growth  in  the  acid 
and  alkaline  media,  whereas  in  solid  media  the  alkaline  medium  was  found  to 
be  definitely  superior. 

Media  II  and  Ila.  The  addition  of  small  amounts  of  agar  to  liquid  media  is 
known  to  be  favorable  for  the  cultivation  of  spirochetes  (10,  32,  34).  The 
addition  of  0.05  per  cent  agar  to  Medium  I  and  la  resulted  in  slightly  improved 
growth  of  all  strains.  However  only  3  strains,  S  26,  S  58-1  and  S  58-33  grow 
satisfactorily  in  these  media  in  successive  pure  subcultures;  all  other  strains 
grew  poorly  if  at  all  after  a  limited  number  of  pure  subcultures. 

Media  IV  and  IVa.  Spirochete  growth  in  these  media  was  better  than  in 
the  corresponding  ascitic  fluid  broths.  Subcultures  to  the  tenth  generation  have 
been  carried  on  with  a  comparable  amount  of  growth  in  the  tenth  and  in  the 
first  subculture.  Since  all  cultures  were  incubated  in  the  anaerobe  jar  we 
omitted  the  addition  of  a  reducing  agent  in  a  number  of  cultures. 

Media  III  and  Ilia.  Satisfactory  cultures  and  repeated  subcultures  were 
obtained  in  these  media,  but  the  results  were  not  as  uniformly  good  as  in  the 
corresponding  media  (Media  IV  and  IVa)  containing  cysteine  hydrochloride. 
See  also  Media  VI,  Via,  IX,  IXa,  XI,  XIa. 

Media  V  and  Va.  The  growth  in  these  media  was  better  than  in  the  blood 
broth  without  agar  (Media  IV,  IVa)  or  in  the  corresponding  ascitic  fluid  media 
(Media  II,  Ila).  Spirochete  growth  as  well  as  motility  was  definitely  better 
in  the  alkaline  medium,  which  may  be  used  as  a  stock  culture  medium.  The 
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cultures  may  remain  viable  for  4  to  6  weeks,  but  for  the  maintenance  of  stock 
strains  it  is  advisable  to  make  the  transfers  every  2  to  3  weeks. 

Spirochete  cultures  in  solid  media  were  made  in  deep  agar  shake  tubes  and  in 
plate  cultures.  All  solid  media  containing  blood  were  used  in  plates  exclusively, 
whereas  the  ascitic  fluid  media  were  used  in  shake  tubes  or  plates.  Optimum 
conditions  of  agar  concentration  or  pH  were  tested  in  the  shake  tubes  rather  than 
in  the  plates. 

Medium  VII  was  used  in  shake  tubes  and  plates.  It  was  used  primarily  for 
the  isolation  of  cultures  and  was  found  suitable  as  a  stock  culture  medium  for 
only  3  strains,  S  26,  S  58-1  and  S  58-33,  the  only  3  of  our  strains  that  will  grow 
in  successive  cultures  without  the  addition  of  blood  to  the  media.  For  isolation 
purposes  it  w'as  found  to  be  a  good  and  very  reliable  medium,  particularly  when 
it  was  used  in  shake  tubes.  When  used  in  double  layer  plates  (Medium  XIII) 
results  were  satisfactory  but  not  quite  as  dependable. 

Medium  VI.  Spirochete  grow  th  in  this  medium  was  obtained.  However  the 
results  were  not  as  consistently  good  as  in  the  corresponding  medium  containing 
cysteine  hydrochloride  (Medium  VII).  Similar  effects  of  the  omission  of 
cysteine  hydrochloride  were  noted  in  media  with  a  higher  agar  or  a  higher  hy¬ 
drogen  ion  concentration:  Media  Via,  IX,  IXa,  XI,  XIa. 

Medium  VIII.  Growth  of  mouth  spirochetes  was  frequently  obtained, 
but  not  with  the  same  regularity  as  in  the  comparable  cysteine  medium  (Me¬ 
dium  VII). 

Media  IX  to  Xlla.  Spirochete  growth  has  been  obtained,  however  positive 
results  have  been  observed  with  much  less  regularity  than  in  the  1  per  cent  agar 
media  (Media  VII,  Vila). 

Media  Via,  Vila,  IXa,  Xa,  XIa,  XI la.  Cultivation  of  spirochetes  was  found 
to  be  possible  in  these  media,  but  we  have  frequently  encountered  negative  results 
wdth  positive  controls  in  the  more  alkaline  media  (Media  VI,  VII,  IX,  X, 
XI,  XII). 

Medium  XIV.  Colonies  of  mouth  spirochetes  were  obtained  in  these  plates. 
The  results  were  irregular  and  the  grow'th  was  usually  less  abundant  than  in 
control  shake  tubes  containing  1  per  cent  agar  (Medium  VII).  Growth  was  not 
improved  by  the  addition  of  cysteine  hydrochloride  or  dextrose  or  both  to  the 
blood  agar:  Media  XV,  XVI,  XVII. 

Medium  XVIII.  Spirochete  growth  was  more  abundant  and  was  obtained 
with  much  greater  regularity  than  in  any  of  the  preceding  blood  agar  media 
(Media  XIV  to  XVII).  In  an  effort  to  furnish  the  most  favorable  conditions 
for  spirochete  growth  special  attention  w^as  paid  to  the  age  of  the  blood  which 
was  used,  to  the  age  and  type  of  culture  from  which  the  transfer  was  made,  and 
to  the  size  of  the  inoculum.  The  age  of  the  blood  (1  to  24  days)  was  found  to 
be  of  no  influence.  Transfers  from  solid  or  from  liquid  media  grew  wdth  equal 
regularity,  but  subcultures  from  liquid  media  appeared  more  advisable.  The 
colonies  were  sometimes  difficult  to  break  up,  which  resulted  in  unevenly  dis¬ 
tributed  growth  or  growth  surrounding  the  inoculum  only.  The  need  for  a 
large  inoculum  was  especially  evident  in  blood  agar  plates.  We  have  as  a  rule 
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used  as  inocula:  one  2  mm.  loopful  of  an  undiluted  broth  culture;  one  2  mm. 
loopful  of  a  broth  culture  dilution  (3  drops  of  culture  in  5  cc.  of  broth) ;  one  whole 
colony  or  one  drop  of  a  dilution  of  such  colony  in  5  cc.  of  broth.  The  age  of  the 
inoculum  (5  to  28  days)  did  not  seem  to  be  decisive  but  was  of  definite  influence. 
Stock  cultures  which  are  transferred  regularly  every  14  to  16  days  will  usually 
show  initial  growth  after  3  to  5  days.  Transfers  from  5  to  7  day  old  stock  cul¬ 
tures  or  comparable  mixed  broth  cultures  have  given  us  the  most  favorable  re¬ 
sults  in  all  media  and  were  therefore  used  preferably  for  the  inoculation  of  blood 
agar  plates. 

Stock  cultures  of  mouth  spirochetes  may  be  kept  in  deep  agar  shake  tubes 
(Medium  VI!),  in  Medium  V  or  in  Brewer’s  thioglycollate  medium.  Medium 
VH  can  be  used  only  for  the  strains  that  do  not  require  blood.  We  have  found 
it  most  convenient  to  keep  stock  cultures  in  the  thioglycollate  medium  even 
though  transfers  are  necessary  every  two  to  three  weeks,  whereas  cultures  in 
both  other  media  need  be  transferred  only  every  4  to  5  w’eeks. 

The  cultures  in  the  thioglycollate  medium  were  incubated  at  37°C.  but  were 
not  placed  in  anaerobe  jars.  One  cc.  of  ascitic  fluid  or  4  to  5  drops  of  defibrin- 
ated  rabbit  blood  were  added  to  12  cc.  of  thioglycollate  medium.  Three  drops 
of  culture  were  used  as  inoculum. 

In  the  beginning  of  our  work  we  lost  a  number  of  pure  strains  by  keeping  the 
stock  cultures  in  Medium  I,  II,  VII  or  thioglycollate  medium  with  ascitic  fluid. 
WTien  it  was  found  that  the  addition  of  blood  rather  than  ascitic  fluid  w'ould 
improve  growth  and  viability,  blood  was  added  to  the  stock  culture  media,  and 
we  have  been  able  to  maintain  all  of  our  strains  in  media  containing  blood,  a 
number  of  the  strains  having  been  carried  on  for  as  many  as  30  generations. 
None  of  our  strains  has  required  the  presence  of  fresh  tissue.  This  raises  the 
question  as  to  whether  blood  may  be  used  as  a  convenient  substitute  for  fresh 
tissue.  Three  strains  (S  26,  S  58-1  and  S  58-33)  may  be  subcultured  in  media 
containing  blood  or  ascitic  fluid  or  serum.  Sixteen  strains  grew  in  repeated  sub¬ 
cultures  only  in  media  containing  blood. 

In  an  effort  to  determine  which  constituent  of  the  blood  contained  the  neces- 
sarj”^  growth  factor,  parallel  cultures  of  these  strains  were  made  in  thioglycollate 
medium  plus  defibrinated  rabbit  blood,  serum,  washed  cells,  laked  blood, 
cell  stroma  or  ascitic  fluid.  The  results  were  as  follows:  All  strains  grew  well  on 
addition  of  whole  blood  (10  to  30  spirochetes  per  field).  All  strains  grew’  on  addi¬ 
tion  of  laked  blood  or  washed  cells  for  at  least  six  generations  (5  to  10  spirochetes 
per  field).  All  strains  grew  poorly  (1  to  4  spirochetes  per  field)  on  addition  of 
ascitic  fluid  or  serum  for  one  or  two  transfers,  the  third  transfer  always  being 
negative.  None  of  the  strains  grew  on  addition  of  cell  stroma. 

Eleven  strains  have  been  tested  for  their  ability  to  attack  certain  carbohy¬ 
drates.  The  medium  used  was  yeast  fermented  beef  heart  infusion  broth,*  to 
which  were  added  10  per  cent  of  ascitic  fluid,  0.1  per  cent  of  cysteine  hydrochlo¬ 
ride  and  0.5  per  cent  of  the  various  carbohydrates.  The  carbohydrates  used 
were:  dextrose,  lactose,  sucrose,  maltose,  raffinose,  trehalose,  salicin,  inulin, 

*  The  infusion  was  fermented  by  yeast  before  being  made  up  into  broth. 
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mannite,  sorbitol,  adonitol,  inositol  and  dulcitol.  The  cultures  were  incubated 
for  2  weeks  and  pH  determinations  on  them  and  on  uninoculated  control  media 
were  done.  Three  strains  (S  26,  S  58-1  and  S  58-33)  produced  acid  in  the  dex¬ 
trose  medium,  causing  a  lowering  of  the  pH  of  0.3  to  1.5.  The  growth  in  the 
dextrose  broth  was  not  markedly  better  than  in  any  of  the  other  media.  None 
of  the  other  strains  showed  acid  production  in  any  of  the  media  nor  was  there  an 
increase  of  growth  on  addition  of  any  of  the  sugars. 

Serological  studies  have  not  been  done  by  us.  Eagle  (35)  has  found  2  of  our 
strains  (S  26  and  S  58-33)  serologically  related  to  each  other  and  to  culture 
strains  of  T.  'pallidum  (Reiter,  Kasan). 

SUMMARY 

Pure  cultures  of  spirochetes  have  been  obtained  from  fusospirochetal  mouth 
lesions.  The  isolation  of  these  strains  was  accomplished  by  filtration  through 
Chamberland-Pasteur  filters,  by  cultivation  in  deep  agar  shake  tubes  and  by 
cultivation  in  the  depth  of  blood  agar  plates. 

Nineteen  strains  of  mouth  spirochetes  may  be  divided  into  3  groups  on  the 
basis  of  their  morphology  and  their  cultural  characteristics: 

Group  A  (S  26,  S  58-1  and  S  58-33) :  large,  regularly  coiled  spirochetes  which 
do  not  require  blood  for  the  maintenance  of  pure  subcultures.  These  spirochetes 
ferment  dextrose  with  the  production  of  acid.  Colonies  in  blood  agar  plates 
are  surrounded  by  a  zone  of  partial  hemolysis. 

Group  B  (S  84):  irregularly  coiled  spirochetes  which  require  the  presence  of 
blood  for  the  maintenance  of  the  strain.  Their  ability  to  attack  carbohydrates 
has  not  yet  been  determined.  These  spirochetes  have  refused  to  grow  in  the 
depth  of  blood  agar  plates.  y 

Group  C  (the  remaining  15  strains):  small,  regularly  coiled  spirochetes  which 
require  the  presence  of  blood  in  stock  culture  media.  Eight  spirochetes  of  this 
group  do  not  ferment  dextrose.  The  other  7  strains  have  not  been  studied 
sufficiently  to  report  on  their  carbohydrate  metabolism.  Colonies  in  blood  agar 
are  surrounded  by  a  zone  of  partial  hemolysis. 

Our  appreciation  is  expressed  to  an  anonymous  donor  who  has  made  this  work  possible 
by  funds  generously  granted  through  Dr.  Louis  D.  Coriell ;  also  to  Dr.  Coriell  whose  clinical 
experience  with  the  treatment  of  periodontal  infections  initiated  the  research  and  whose 
interest  supported  it  with  encouragement  and  suggestions.  To  Dr.  J.  Howard  Brown  we 
are  indebted  for  helpful  consultation  and  adequate  laboratory  facilities;  to  Mrs.  Lucille 
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HKLATIOXSHIP  OF  THE  GINGIVAL  CREVICE  AND  THE 
ALVEOLAR  CREST^ 
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Pathologic  gingival  crevices  have  been  described  by  CJottlieb,  Orban,  Kron- 
feld,  Box,  and  numerous  other  invest igatoi*s.  Their  general  concept  is  that  the 
crest  of  the  alveolar  bone  will  undergo  resorption  if  an  inflammation  in  the 
gingiva  pemists  for  a  long  period  of  time.  This  is  true  in  many  ca.ses.  The 
present  investigation,  however,  demonstrates  that  the  inflammation  of  the 
gingiva  does  not  cause,  necessarily,  resorption  of  the  alveolar  crest. 

The  .study  of  serial  micro.scopic  .sections  of  30  human  jaws  reveals  that  neither 
the  depth  of  the  gingival  crevice  nor  the  degree  of  inflammatory  cell  infiltra¬ 
tion  in  the  subepithelial  tissue  are  directly  related  to  the  condition  of  the  alveolar 
crest.  Sections  showing  shallow  gingival  crevices  with  small  and  large  numbers 
of  inflammatory  cells  in  the  gingiva  may  show  either  resorption  of  the  alveolar 
crest  or  an  appo.sition  of  bone.  These  processes  may  also  be  demonstrated  under 
deep  gingival  crevices. 

Evidence  to  support  these  .statements  may  be  found  in  the  illustrations  pre¬ 
sented.  The  first  3  photomicrographs  show  resorption  of  the  alveolar  crest 
accompanying  inflammation  of  the  gingiva.  The  .succeeding  4  photomicro¬ 
graphs  demonstrate  that  under  similar  circumstances  bone  apposition  may  be 
seen.  The  last  photomicrograph  is  of  a  section  with  a  deep  crevice,  under 
which  the  lx)ne  seems  inactive. 

Fi(j.  1  is  a  photomicrograph  of  a  me.siodistal  section  of  the  interdental  tis.siies 
of  a  lower  canine  and  premolar.  The  epithelial  attachment  is  on  the  enamel. 
The  depth  of  the  crevices  is  comparable  to  that  in  Jig.  4  and  there  is  also  a 
similar  degree  of  inflammation  in  the  gingiva.  In  this  ca.se  re.sorption  of  the 
alveolar  crest  is  evident  in  contrast  to  Jig.  4  where  apposition  of  bone  is  seen. 

Fig.  2  is  a  photomicrograph  of  a  me.sicKlistal  section  of  a  lower  .second  pre¬ 
molar.  The  gingival  crevice  is  deep  and  ulcerations  of  the  epithelium  may  be 
seen.  There  is  resorption  of  the  cementum  of  the  tooth  beneath  the  epithelial 
attachment.  Inflammation  of  the  .subepithelial  tis.sue  is  evident.  Osteo¬ 
clastic  resorption  of  the  alveolar  crest  can  be  seen.  This  section  may  be  com- 
pan*d  with  that  shown  in  Jig.  8. 

Fig.  3  is  a  photomicrograph  of  a  mesiodistal  section  between  a  maxillary 
canim*  and  ])remolar.  The  epithelial  attachments  are  on  the  cementum.  The 
gingival  crevices  are  comparatively  shallow  and  a  dense  inflammatory  infiltra¬ 
tion  can  be  seen  in  the  subepithelial  tissue.  There  is  o.steoclastic  re.sorption 
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of  the  alveolar  crest.  This  section  should  be  compared  with^^.  6  where  apposi¬ 
tion  of  bone  may  be  seen,  although  conditions  in  the  crevnces  seem  similar. 

Fig.  4  is  a  photomicrograph  of  a  mesiodistal  section  of  the  interdental  tissues 
of  a  lower  canine  and  first  premolar.  The  epithelial  attachment  is  on  the 
enamel.  The  gingival  crevices  are  shallow.  A  marked  infiltration  of  inflam¬ 
matory  cells  can  be  seen  in  the  subepithelial  tissue.  The  transeptal  fibers  are 
intact.  The  crest  of  the  alveolar  bone  shows  a  regular  osteoblastic  layer  denot¬ 
ing  a  laying  down  of  bone.  Therefore,  this  section  must  be  interpreted  as  an 
inflammation  of  the  gingiva  and  an  apposition  of  bone  to  the  alveolar  crest. 

Fig.  5  is  a  photomicrograph  of  a  buccolingual  section  of  a  lower  first  molar 
showing  the  buccal  gingiva.  In  this  section  the  epithelial  attachment  is  on 
the  cementum.  Calculus  can  be  seen  l3dng  in  the  shallow  crevice.  There  is 
marked  inflammation  of  the  subepithelial  tissue.  The  crest  of  the  alveolar 
bone  shows  new  bone  formation.  Although  there  has  been  recession  of  the 
gingival  attachment  and  inflammation  of  the  gingiva,  apposition  of  bone  to 
the  alveolar  crest  is  evident. 

Fig.  6  is  a  low  power  photomicrograph  of  a  mesiodistal  section  of  the  gingival 
crevice  and  alveolar  bone  of  a  lower  premolar.  ^larked  ulceration  of  the 
crevicular  epithelium  can  be  seen.  There  is  also  a  pronounced  inflammation 
of  the  subepithelial  tissue.  The  transeptal  fibers  are  intact.  The  significant 
bone  alterations  are  shown  in  fig.  7  which  is  a  high  power  photomicrograph  of 
the  alveolar  crest  shown  in  fig.  6.  An  osteoblastic  layer  surrounding  the  bone 
can  be  seen  ■u'ith  evidence  of  new'  bone  formation.  Inflammatory  cells  are 
present  directly  above  the  transeptal  fibers. 

Fig.  8  is  a  photomicrograph  of  a  mesiodistal  section  of  a  lower  first  molar 
\nth  a  deep  crevice  on  the  mesial  aspect.  Calculus  can  be  seen  lying  in  the 
pocket.  The  crevicular  epithelium  has  grown  into  the  subepithelial  tissue  in 
an  anastomosing  arrangement.  The  subepithelial  tissue  contains  inflamma- 
torj’  cells.  The  alveolar  bone  appears  inactive.  There  is  no  histologic  evi¬ 
dence  of  resorption  or  new  formation. 


Fig.  1.  D,  dentin;  C,  cementum;  ES,  enamel  space;  DE,  debris;  E,  epithelium;  EA, 
bottom  of  crevice;  IN,  inflammatory  cells;  PM,  periodontal  membrane;  B,  bone;  R,  re¬ 
sorption. 

Fig.  2.  D,  dentin;  C,  cementum;  R,  resorption;  E,  epithelium;  U,  ulceration;  IN,  in¬ 
flammatory  cells;  BV^,  blood  vessel;  PM,  periodontal  membrane;  B,  bone;  OS,  osteoclast. 

Fig.  3.  D,  dentin;  C,  cementum;  CE,  crevice;  E,  epithelium;  IN,  inflammatory  cells; 
B,  bone;  R,  resorption;  PM,  periodontal  membrane. 

Fig.  4.  D,  dentin;  C,  cementum;  ES,  enamel  space;  PM,  periodontal  membrane;  B, 
bone;  TS,  transeptal  fibers;  DE,  debris;  E,  epithelium;  E.\,  bottom  of  crevice;  In,  in¬ 
flammatory  cells. 

Fig.  5.  D,  dentin;  C,  cementum;  CA,  calculus;  DE,  debris;  E,  epithelium;  RCI,  in¬ 
flammatory  cells;  B,  bone;  NB,  new  bone;  PM,  periodontal  membrane. 

Fig.  6.  D,  dentin;  C,  cementum;  CE,  crevice;  E,  epithelium;  PM,  periodontal  mem¬ 
brane;  B,  bone. 

Fig.  7.  B,  bone;  OB,  osteoblast;  TF,  transeptal  fibers;  R,  inflammatory  cells. 

Fig.  8.  D,  dentin;  C,  cementum;  CA,  calculus;  CF,  crevice;  E,  epithelium;  In,  inflam¬ 
matory  cellc;  B,  bone;  PM,  periodontal  membrane. 
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CONCLUSIONS 

The  alveolar  crest  may  show  apposition  of  bone  even  in  the  presence  of 
gingival  inflammation  and  ulceration  of  the  crevicular  epithelium  (figs.  4  to  7). 
In  other  cases  under  similar  conditions  resorption  of  the  alveolar  bone  may  be 
present  (figs.  1  to  3).  Therefore,  it  is  concluded  that  the  condition  of  the 
gingiva  and  of  the  gingival  crevice  does  not  necessarily  determine  whether  or  not 
there  will  be  resorption  of  the  alveolar  crest,  and  that  resorption  may  be  influ¬ 
enced  by  other  factors.  Thus  further  evidence  is  presented  to  substantiate 
the  clinical  differentiation  of  two  tj'pes  of  periodontal  disease,  gingivitis  and 
marginal  periodontitis. 
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John  S.  Oartel,  9,  7  Scenery  Road,  Pittsburgh,  Pa. 

Edith  Oblatt,  1,  27  Durham  Road,  White  Plains,  N.  Y. 

N.  C.  Ochsenhirt,  9,  Jenkins  Arcade,  Pittsburgh,  Pa. 

Oren  a.  Ouver,  1101-1102  Medical  Arts  Bldg.,  Nashville,  Tenn. 

.Alvin  J.  Oppenheim,  1946  Oxford  St.,  Pasadena,  Cal. 

B.  Orban,  3, 1757  W.  Harrison  St.,  Chicago,  Ill. 

John  T.  O’Rourke,  19,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

Elbert  B.  Owen,  10,  906  Olive  St.,  St.  Louis,  Mo. 

W.\BREN  C.  OxNER,  11,  Birks  Bldg.,  Halifax,  Nova  Scotia. 

George  C.  Paffenbarger,  17,  National  Bureau  of  Standards,  Washington,  D.  C.  (With 
U.  S.  Navy.) 

*  Bissell  B.  Palmer,  1,  667  Madison  .Ave.,  New  York,  N.  Y. 

C. \RROLL  E.  Palmer,  17,  National  Institute  of  Health,  Bethesda,  Md. 

E.  W.  Paul,  4,  2  College  St.,  Toronto,  Canada. 

Elbert  C.  Pendleton,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

St.  j.  Perrott,  17,  National  Institute  of  Health,  Bethesda,  Md. 

Harold  W.  Peterson,  29,  6363  St.  Charles  .Ave.,  New  Orleans,  La. 

Lyle  S.  Pettit,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio. 

Floyd  .A.  Peyton,  5,  Dental  School,  U.  of  Michigan,  .Ann  .Arbor,  Mich. 

Kenneth  R.  Pfeiffer,  19,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

Ralph  W.  Phillips,  32,  1121  West  Michigan  St.,  Indianapolis,  Ind. 

AUthew  Podolin,  560  Delaware  Ave.,  BufiFalo,  N.  Y. 

Samvel  E.  Pond,  2,  Marine  Biological  Lab.,  WikkIs  Hole,  Mass. 

Weston  .A.  Price,  14,  8926  Euclid  .Ave.,  Cleveland,  Ohio. 

Herman  Prinz,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

T.  E.  Purcell,  10,  3556  (’aroline  St.,  St.  Louis,  Mo. 

Samvel  Rabkin,  711  Doctors  Bldg.,  Cincinnati,  Ohio. 

Dorothea  F.  Radusch,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

Samvel  J.  Randall,  18,  Ft.  Hayes,  Columbus,  Ohio. 

William  M.  Randall,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

Howard  E.  Raper,  10,  Albuquerque,  New  Mexico. 

Kenneth  W.  Ray,  7,  27  E.  Fourth  St.,  Minneapolis,  Minn. 

Gerald  J.  Reed,  3,  1757  W.  Harrison  St.,  Chicago,  111. 
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Joseph  S.  Restarski,  3,  U.  S.  Navy. 

W.  J.  Riley,  15,  502  Medical  Arts  BIdp;.,  Winnipeg,  Canada. 

Stephen  G.  Ritchie,  11,  36  South  St.,  Halifax,  Nova  Scotia. 

Leslie  F.  Rittershofer,  5,  1103  S.  University  Ave.,  .\nn  .\rbor,  Mich. 

Hamilton  B.  G.  Robinson,  10,  4559  Scott  .\ve.,  St.  Louis,  Mo. 

J.  Ben  Robinson,  20,  Dental  School,  U.  of  Maryland,  Baltimore,  Md. 

*  .\lfred  P.  Rogers,  2,  60  Charlesgate,  Boston,  Mass. 

William  M.  Rogers,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Theodor  Roseburt,  1,  632  West  168th  St.,  New  York,  N.  Y. 

S.  Leonard  Rosenthal,  8,  Medical  Arts  Bldg.,  Philadelphia,  Pa. 

.\rne  F.  Romnes,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Charles  E.  Rudolph,  7,  909  Metropolitan  Bldg.,  Minneapolis,  Minn. 

Robert  W.  Rule,  6,  Dental  School,  U.  of  California,  San  Francisco,  Calif. 

William  B.  Ryder,  Jr.,  6,  2000  Van  Ness  Ave.,  San  Francisco,  Calif. 

Irving  Salman,  1, 1188  Grand  Concourse,  New  York,  N.  Y. 

J.  A.  Salzmann,  1, 654  Madison  Ave.,  New  York,  N.  Y. 

B.  G.  Sarnat,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

M.  I.  ScHAMBERG,  1,  20  East  57th  St.,  New  York,  N.  Y. 

Walter  H.  Scherer,  31,  1620  Medical  .Arts  Bldg.,  Houston,  Texas. 

C.  H.  ScHEU,  14, 14805  Detroit  Ave.,  Cleveland,  Ohio. 

Carl  A.  Schlack,  17,  U.  S.  Navy  Dental  School,  Bethesda,  Md. 

Irl  C.  Schoonover,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

IsA.^c  ScHOUR,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

Warren  R.  Schram,  3,  311  E.  Chicago  .Ave.,  Chicago,  Ill. 

Joseph  Schroff,  1, 119  West  57th  St.,  New  York,  N.  Y. 

Frederick  W.  Schubert,  6,  1570  Eighth  Ave.,  San  Francisco,  Calif. 

.Adolph  Schultz,  20,  Medical  School,  Johns  Hopkins  U.,  Baltimore,  Md. 

Edwin  W.  Schultz,  6,  Stanford  U.,  Palo  .Alto,  Calif. 

E.  O.  Scott,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

Harry  M.  Semans,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio. 

William  H.  Sebrell,  Jr.,  17,  National  Institute  of  Health,  Bethesda,  Md. 

H.  Jobe  Sedw’ick,  Algronix  Bldg.,  Washington  and  Spring  Sts.,  Titusville,  Pa.  With 
U.  S.  Army. 

Ben  Seidler,  1,  57  West  57th  St.,  New  York,  N.  Y. 

Harry  Shapiro,  1,  632  West  168th  St.,  New  York,  N.  Y. 

John  S.  Shell,  3,  Thos.  Dee  A  Co.,  1900  W.  Kinzie  St.,  Chicago,  Ill. 

Harry  Sicher,  2,  Chicago  Medical  College,  710  S.  Walcott  St.,  Chicago,  Ill. 

Eli  H.  Siegel,  1,  6.30  W'est  168th  St.,  New  York,  N.  Y. 

Han.nah  E.  Silberstein,  32,  1121  Michigan  St.,  Indianapolis,  Ind. 

Herbert  F.  Silvers,  1,  7  W^est  96th  St.,  New  York,  N.  Y. 

W.  J.  Simon,  7,  4511  Wentworth  Ave.,  Minneapolis,  Minn. 

Nina  Simmonds,  6,  Dental  School,  U.  of  California,  San  Francisco,  Calif. 

Norman  F.  Simmons,  1, 630  West  168th  St.,  New  York,  N.  Y. 

F.  V.  Simonton,  450  Sutter  St.,  San  Francisco,  Cal. 

J.  .A.  Sinclair,  201-212  Ijegal  Bldg.,  Ashville,  N.  C. 

William  G.  Skillen,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Eugene  W.  Skinner,  3,  311  E.  Chicago  Ave.,  ('hicago,  Ill. 

Ernest  A.  Sloman,  6,  344  Fourteenth  St.,  San  Francisco,  Calif. 

Margaret  C.  Smith,  Agricultural  Experiment  Station,  U.  of  Arizona,  Tucson,  Ariz. 
Heidev  Sognnaes,  Medical -dental  School,  U.  of  Rochester,  Rochester,  N.  Y. 

Ralph  F.  S<.)Mmek,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 
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Sidney  Sorbin,  1,  746  Fifth  Ave.,  New  York,  N.  Y. 

WiLMER  SouDER,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

Harry  D.  Spanoenbero,  Jr.,  18,  2861  Neil  St.,  Apt.  461B,  Columbus,  Ohio. 
Benjamin  Spectob,  2,  60  The  Fenway,  Boston,  Mass. 

Thomas  D.  Speidel,  32,  Dental  School,  U.  of  Indiana,  Indianapolis,  Ind. 
Edward  S.  Stafne,  7,  Mayo  Clinic,  Rochester,  Minn. 

Frederick  L.  Stanton,  175  East  79th  St.,  New  York,  N.  Y. 

S.  R.  Steadman,  7,  1201  Lowry  Medical  Arts  Bldg.,  St.  Paul,  Minn. 

George  Stein,  Dental  School,  Harvard  U.,  Boston,  Mass. 

M.  Russell  Stein,  1, 113  West  57th  St.,  New  York,  N.  Y. 

Robert  W.  Stephan,  3,  25  E.  Washington  St.,  Chicago,  Ill. 

*  Paul  R.  Stillman,  1,  Longwood,  Florida. 

Eugene  R.  Stone,  17,  1726  Eye  St.,  N.  W.  Washington,  D.  C. 

Roy  a.  Stout,  17,  Walter  Reed  General  Hospital,  Washington,  D.  C. 

William  F.  Swanson,  9,  5326  Pocusset  St.,  Pittsburgh,  Pa. 

J.\MES  T.  Sweeney,  6,  State  Hospital,  Stockton,  Calif. 

William  T.  Sweeney,  17,  P.  O.  Box  1587,  Pittsburgh,  Pa. 

Loren  B.  Taber,  6,  291  Geary  St.,  San  Francisco,  Calif. 

^L4URICE  L.  Tainter,  6,  3563  Jackson  St.,  San  Francisco,  Calif. 

D.wid  Tanchester,  1,  180  West  58th  St.,  New  York,  N.  Y. 

Edward  Taylor,  State  Dept,  of  Health,  .Austin,  Texas. 

Norris  O.  Taylor,  211  South  12th  St.,  Philadelphia,  Pa. 

P.  B.  Taylor,  14, 1,  74th  St.,  Brooklyn,  N.  Y. 

Ralph  W.  T.aylor,  17,  U.  S.  Naval  Dental  School,  Bethesda,  Md. 

Walter  E.  Taylor,  9  St.  Bernard  Ave.,  Saranac  Lake,  N.  Y. 

Be.njamin  Tenenbaum,  1,  33  West  42nd  St.,  New  York,  N.  Y. 

George  W.  Teuscher,  3,  311  E.  Chicago  .\ve.,  Chicago,  Ill. 

*  Kurt  H.  Thoma,  2,  Medical  School,  Harvard  U.,  Boston,  Mass. 

B.  0.  A.  Thomas,  630  West  168th  St.,  New  York,  N.  Y. 

Newton  G.  Thomas,  3,  25  E.  Washington  St.,  Chicago,  Ill. 

Harry  S.  Thompson,  4,  18  Summerhil  Gardens,  Toronto,  Canada. 

George  E.  Thompson,  2,  Dental  Schotd,  Harvard  U.,  Boston,  Mass. 

J.  R.  Thompson,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

A.  H.  Throndson,  6,  344  Fourteenth  St.,  San  Francisco,  Calif. 

Sidney  Tiblier,  29, 1141  Canal  Bank  Bldg.,  New  Orleans,  La. 

Benjamin  Tishlkr,  358  Commonwealth  .\ve.,  Boston,  Mass. 

H.vrry  Trimble,  2,  25  Shattuck  St.,  Boston,  Mass. 

Charles  Tulleu,  29  ,  729  Maison  Blanche,  New  Orleans,  La. 

Charles  R.  Turner,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 
St.\nley  D.  Tylman,  3,  185  N.  Wabash  Ave.,  Chicago,  Ill. 

Grant  Van  Huysen,  Dental  School,  U.  of  Indiana,  Indianapolis,  Ind. 

L.  E.  Van  Kirk,  9,  Jenkins  .\rcade,  Pittsburgh,  Pa. 

Francis  B.  Vedder,  5,  Dental  School,  U.  of  Michigan,  Ann  .\rbor,  Mich. 
William  D.  Vehe,  7,  1001  Medical  .\rt8  Bldg.,  Minneapolis,  Minn. 

Raymond  F.  Vines,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 
J.  F.  VoLKER,  2,  Dental  School,  Tufts  College,  Boston,  Mass. 

Roscoe  H.  Volland,  27,  First  National  Bank  Bldg.,  Iowa  City,  Iowa. 

Ralph  S.  Voorhees,  23,  311  Alexander  St.,  Rt>chester,  N.  Y. 

Charles  J.  Voshik,  14,  1338  Keith  Bldg.,  Cleveland,  Ohio. 
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Edward  C.  Wach,  3,  3151  West  59th  St.,  Chicago,  Ill. 

Harold  F.  Wahlquist,  7  ,  835  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

William  W.  Wainwright,  6,  Dental  School,  U.  of  California,  San  Francisco,  Calif. 
Frederick  C.  Waite,  14,  144  Locust  St.,  Dover,  New  H. 

Charles  M.  Waldo,  2,  25  Shattuck  St.,  Boston,  Mass. 

Carl  F.  Waldron,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

Donald  Wallace,  212  East  Superior  St.,  Chicago,  Ill. 

Marcus  L.  Ward,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

Friedrich  Wasserman,  3,  950  East  59th  St.,  Chicago,  Ill. 

*  Leuman  M.  Waugh,  1,  931  Fifth  Ave.,  New  York,  N.  Y. 

H.^rold  L.  Weatherford,  2,  25  Shattuck  St.,  Boston,  Mass. 

J.  P.  Weinmann,  1757  West  Harrison  St.,  Chicago,  Ill. 

David  Weisberger,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

W.  H.  Welker,  3,  1853  W.  Polk  St.,  Chicago,  Ill. 

George  D.  Wessinger,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

Laurence  G.  Wesson,  2,  131  Park  Drive,  Boston,  Mass. 

Russell  C.  Wheeler,  10,  Missouri  Theater  Bldg.,  St.  Louis,  Mo. 

R.  C.  Willett,  3,  535  Jefferson  Bldg.,  Peoria,  Ill. 

John  B.  Williams,  22,  1000  W.  Grace  St.,  Richmond,  Va. 

Warren  Willman,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

Edmund  M.  Wise,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 

E.  Alfred  Wolf,  9,  Dept,  of  Zoology,  U.  of  Pittsburgh,  Pittsburgh,  Pa. 

Frederick  J.  Wolfe,  29,  835  Maison  Blanche,  New  Orleans,  La. 

Harold  G.  Worman,  7,  508  LaSalle  Bldg.,  Minneapolis,  Minn. 

Walter  H.  Wright,  9,  Dental  School,  U.  of  Pittsburgh,  Pittsburgh,  Pa. 

W.  L.  Wylie,  14,  2165  Adelbert  Road,  Cleveland,  Ohio. 

Morton  F.  Yates,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

E.  Gordon  Young,  11,  Dalhousie  U.,  Halifax,  Nova  Scotia. 

H.  A.  Zander,  2,  Dental  School,  Tufts  College,  Boston,  Mass. 

Earl  A.  Zaus,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill.  ^ 

Robert  C.  Zeisz,  6,  490  Post  St.,  San  Francisco,  Calif. 

James  L.  Zemsky,  1,  147  Fourth  Ave.,  New  York,  N.  Y. 

Daniel  E.  Ziskin,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Total  number  of  North  American  members — 488. 

2.  membership  roll  of  colleagues  resident  outside  of  north  AMERICA 
listed  by  sections 

Budapest  Section. — Kdroly  Balogh,  Istvdn  Bdnhegyi,  B61a  Bonyhdrd,  Jdnos  Brand, 
B61a  de  Simon,  Kdroly  Ferenczy,  Dezso  Hattysazy,  Oszkdr  Komives,  *Ferenc  Kdszeg, 
Ervin  Landgraf,  Guztdv  Morelli,  Rudolph  Rehdk,  Henrik  Salamon,  Ldszld  Sugdr,  Steven 
Varga,  D6nes  von  \Mth6. — 16. 

Chengtu  Section. — Mary  C.  Agnew  (Mrs.  R.  G.),  *R.  G.  Agnew,  H.  B.  Collier,  L.  G. 
Kilborn,  A.  W.  Lindsay,  H.  J.  Mullet. — 6. 

Johannesburg  Section. — G.  Friel,  J.  N.  Noriskin,  T.  W.  Osborn,  J.  C.  M.  Shaw,  Julius 
Staz,  *W.  A.  Wilson. — 6. 

London  Section. — Arthur  Bulleid,  Sir  J.  F.  Colyer,  E.  B.  Dowsett,  E.  W.  Fish,  C.  W. 
Howkins,  G.  B.  Pritchard,  M.  A.  Rushton,  *Evelyn  Sprawson,  Joseph  Turner. — 9. 

Palestine  Section. — Heinrich  Berger,  Hugo  Brasch,  Ernst  Kellner,  *Samuel  Lewin- 
Epstein,  Ervin  Mansbach,  Abraham  Sussman,  Jacob  Yardeni. — 7. 
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Prague  Section. — Karel  Cerny,  Karl  Haupl,  Jdn  Jesensk^,  Franti§ek  Kostecka,  Jaromir 
Kfecan,  A.  E.  Loos,  F.  NAprstek,  *Friedrich  Neumann,  FrantiSek  Neuwirth,  Cestimir 
Parma,  Josef  PKbyl,  Ferdinand  ^kaloud,  Karel  Wachsmann,  Hans  Wermuth. — 14. 

Vienna  Section. — Arwed  Berg,  *Fritz  Driak,  Richard  Grohs,  Otto  Hofer,  Hermann 
Mathis,  Hans  Pichler,  Otto  Preissecker,  Franz  Schonbauer,  A.  M.  Schwartz,  Karl  Spring, 
Richard  Trauner,  Hermann  Wolf. — 12. 

Not  residents  of  North  America  and  not  now  members  of  a  Section — J.  L.  Boots,  Ove 
Brinch,  Gyula  Csernyei,  C.  D.  M.  Day,  Jorge  Erausquin,  Guido  Fischer,  S.  F.  Gottlich, 
Walter  Hess,  R.  E.  T.  Hewat,  J.  J.  Holst,  G.  Y.  Hildebrand,  Erode  Hilming,  Humphrey  F. 
Humphreys,  J.  T.  Irving,  T.  E.  de  Jonge-Cohen,  Gustav  Korkhaus,  G.  D.  Macphee,  Maurine 
W.  Muller,  Pekka  Nironen,  Silvio  Palazzi,  P.  O.  Pedersen,  Paul  Pincus,  Friedrich  Proell, 
F.  M.  Pucci,  Inghold  Reichborn,  Elkan  Sanders,  Guttrom  Toverud,  Rudolph  Weber,  J. 
J.  Wolfe,  H.  K.  Worner — 30. 

Total  number  of  members  as  of  Dec.  1,  1942 — ^588. 


BOOKS  RECEIVED,  1942 

Bernier,  J.  L.,  Mann,  J.  B.,  and  Ash,  J.  E.,  Atlas  of  Dental  and  Oral  Pathology.  2nd  Ed. 
(Chicago,  American  Dental  Association:  1942),  pp.  178+. 

Bernier,  J.  L.,  Differential  Diagnosis  of  Oral  Lesions.  (St.  Louis,  C.  V.  Mosby:  1942), 

pp.  228. 

Council  on  Dental  Education,  Proceedings  of  the  Second  Congress  on  Dental  Education 
and  Licensure.  (American  Dental  Association,  Chicago:  1942),  pp.  76. 

Darlington,  C.  G.,  Wilson,  G.  W.,  Miller,  H.  C.,  Wright,  W.  H.  and  Moore,  G.  R.,  The 
1941  Year  Book  of  Dentistry.  (Chicago:  Year  Book  Publishers:  1940),  pp.  792. 

Dewey,  M.,  and  Anderson,  G.  M.,  Practical  Orthodontics.  6th  Ed.  (St.  Louis,  C.  V. 
Mosby:  1942),  pp.  545. 

Hoskins,  M.  M.,  and  Bevelander,  G.,  Outline  of  Histology.  (St.  Louis,  C.  V.  Mosby: 
1942),  pp.  112. 

Miller,  R.  G.,  Synopsis  of  Full  and  Partial  Dentures.  (St.  Louis,  C.  V.  Mosby,  1942), 

pp.  221. 

Moulton,  F.  R.  (editor).  Fluorine  and  Dental  Health.  Publication  of  the  American  Asso¬ 
ciation  for  the  Advancement  of  Science  No.  19.  (Washington,  Am.  Assoc.  Advancm. 
Science:  1942.) 

Wesson,  L.  G.,  Chemistry  of  Dental  Materials.  (St.  Louis,  C.  V.  Mosby:  1942),  pp.  106. 


578 


INDEX 


Volume  21,  1942* 


^BRASION :  dentifrice,  335* 

- :  gold  alloys,  103 

Acid:  production;  bacteria,  61,  461 
Acid-base:  balance;  caries,  338*,  437 
Acidogens:  oral,  263 
Age:  radiophosphorus  metabolism,  339* 

- :  tooth;  caries  rate,  135 

Ageing:  dentin,  302*,  423 

Aisenbebg,  M.  S.:  epithelium;  pulp,  326* 

Alloy:  chrome;  implants,  306* 

- :  electrographic  analysis,  306* 

Alveoloclasia:  rate,  241*,  311*,  365 
Amalgam:  contamination,  302* 

- :  expansion,  307* 

- :  expansion;  zinc,  307* 

Ameloblastoma:  incidence  and  histology, 
529 

- :  microincineration,  297* 

Anodontia:  cephalometric  study,  329* 
Antibody:  regional  Ijrmph  node,  309* 
Antiseptic:  dentin,  115 
Antiseptics:  effectiveness;  cavity  prepara¬ 
tion,  269 

Aphtha:  recurrent  oral,  335* 

Applebauh,  E.:  enamel;  shark,  251 

- :  epithelial  sheath,  331*,  403 

Appleton,  J.  L.  T.:  bacteria;  sneezing,  309* 

- :  saliva:  capillary  permeability,  505 

Armstrong,  W.  D.:  diet;  teeth  and  jaws, 
335*,  513 

- :  fluorine;  diet,  326* 

- :  radiocalcium;  bones  and  teeth,  326* 

Arnih,  S.  S.:  statistics;  diagnosis,  243 
Arnold,  F,  A.,  Jr.:  fluorine;  caries  rate, 
303* 

- : - ;  lactobacillus  count,  304* 

g.\CTERIA:  acidogenic  properties,  61, 
241*,  263,  321*,  461 

- :  anaerobes,  5,  543 

- :  fllamentous;  stained  teeth,  326* 

- :  lactic  and  pyruvic  acids,  241*,  321* 


Bacteria,  (con.): 

- :  nutritional  requirements,  259,  310*, 

467 

- :  oral  mucosa;  effect  of  drying,  304*,  379 

- :  post-mortem  studies;  teeth,  9 

- :  saliva;  acid;  caries,  328* 

- :  sneezing,  309* 

See  also  under  generic  names. 

Barnxjh,  C.  P.:  radiocalcium;  bones  and 
teeth,  326* 

Bartels,  H.  A.:  filamentous  organism; 
stained  teeth,  326* 

- :  sterilization;  bacteriological  tests, 

308* 

Bauer,  W.  H.:  syphilis;  jaws  and  teeth,  299* 
Beall,  J.  R.:  amalgam;  contamination, 
302* 

Becks,  H.  :  salivary  calcium  and  phosphorus ; 

flavored  activators,  87 
Benzer,  S.:  caries;  secondary  dentin,  318* 
Berger,  A.:  central  giant  cell  tumor,  327* 
Bernick,  S.:  triplets;  arch  form  and  pat¬ 
tern,  413 

- : - ;  arch  width  and  length,  233 

Bernier,  J.  L.:  ameloblastoma,  529 

- :  vitallium  implants;  reaction,  327* 

Beube,  F.  E.:  bone  powder;  periodontium, 
298* 

Bevelander,  G.:  caries;  secondary  dentin, 
318* 

- :  tooth  fracture;  reaction,  327*,  481 

Bibbt,  B.  G.:  bacteria;  acid  production; 
decalcification,  61 

- :  caries;  fluorine,  314* 

- :  saliva;  acid;  bacteria;  caries,  328* 

Bird,  M.  J.:  composition;  enamel;  dentin, 
323* 

Blattner,  R.  j.:  osteogenesis  imperfecta; 

odontogenesis  imperfecta,  325* 

Blood:  examination;  extraction,  19 

- :  periodontoclasia,  310* 

- :  vitamin  C  level,  330*,  353 


‘Abbreviations  used:  I.  A.  D.  R. — International  Association  for  Dental  Research; 
J.  D.  R. — Journal  of  Dental  Research. 
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Bodeckek,  C.  F.:  dental  caries;  acid-base 
balance,  338*,  437 

- :  dental  papilla;  tooth  formation,  301*, 

391 

- :  inaugural  address,  291,  326* 

- :  introduction,  289,  326* 

Bone:  alveolar;  forces,  241* 

- ;  disease;  caries;  growth,  336* 

- : - ;  dentin  formation,  325* 

- :  formation;  epithelium,  298* 

- :  histology;  periodontal  disease,  35 

- :  pathology;  330* 

- :  powder;  periodontium,  298* 

- :  sodium  absorption,  323* 

Bonnek,  J.  F.:  calcium  phosphates;  x-ray 
diffraction  study,  324* 

- :  sodium  metabolism;  dental  tissues, 

323* 

Books  received,  578 

Borden,  I.:  pulp  treatment,  329* 

Bradley,  J.  L.:  pulp;  inflammation;  symp¬ 
toms,  334* 

Breitner,  C.:  alveolar  bone;  forces,  241* 
- :  occlusal  changes;  masticatory  mus¬ 
cles,  300* 

Brodie,  a.  G.:  anodontia;  cephalometric 
study,  329* 

- :  mandible;  position  and  form,  339* 

Brodsky,  R.  H.:  caries;  vitamin  D,  314* 

- :  leukoplakia;  grenz  ray,  329* 

Bcrket,  L.  W.:  dentin  microscopy,  299* 

- :  post-mortem  bacteriologic  studies,  9 

Bcrrill,  D.  Y.;  silver  nitrate  penetration, 
319* 

- :  vitamin  C;  blood;  caries,  330* 

- :  vitamin  C;  gingival  and  periodontal 

disease,  330*,  353 

(^ADMIUM:  dental  effects,  302* 

Cahn,  L.  R.:  bone  formation;  epithelium, 
298* 

- :  bone  pathology,  330* 

- :  cysts;  fat,  330* 

- :  mast  cell,  331* 

- :  pseudoepitheliomatous  hyperplasia, 

331* 

Calamari,  j.  a.:  alloys;  electrographic 
analysis,  306* 

Calcium:  bones  and  teeth,  35*,  513 

- :  radioactive;  bones  and  teeth,  326* 

- :  saliva;  caries,  83,  87 

Calcium  phosphate:  x-ray  diffraction  study, 
324* 


Campbell,  J.:  pulp  treatment,  329* 

Canby,  C.  P.:  vitallium  implants;  reaction, 
327* 

Cancer:  mandible,  325* 

Capillary:  permeability;  saliva,  505 
Caries:  acid-base  balance,  338*,  437 

- :  bacteria.  See  under  bacteria  and 

generic  names. 

- :  Bergen  County,  N.  J.,  125 

- :  bone  diseases,  336* 

- :  contact  surfaces,  318*,  473 

- :  358  counties,  332*,  455 

- :  diagnosis,  243 

- :  economic  status,  320* 

- :  hydrogen  ion  modification;  agents, 

315* 

- :  fluorine,  139,  303*,  305  ,  314*,  320* 

- :  incidence;  Indiana  Univ.  students, 

312* 

- :  masticatory  stresses,  319*,  387 

- :  Panama  Canal  Zone,  55 

- :  pathology,  317* 

- :  rat;  mechanical  factors,  333* 

- :  rate,  333*,  443 

- :  rate;  tooth  age,  135 

- :  resistance,  317*,  475 

- :  saliva;  acid;  bacteria,  328* 

- : - ;  calcium;  phosphorus,  83 

- : - ;  opsonin,  333*,  509 

- : - ;  pH,  73 

- :  secondary  dentin,  318* 

- :  streptococcus,  318* 

- :  tuberculosis,  312* 

- :  vital  and  pulpless  teeth,  332* 

- :  vitamin  B,  259 

- :  vitamin  C,  330* 

- :  vitamin  D,  314* 

Chapin,  R.  W.:  caries;  Panama  Canal 
Zone,  55 

Cheilosis:  angular;  vertical  dimension  in¬ 
crease,  305* 

Chemotherapy:  see  specific  drugs 
Cheyne,  V.  D.:  caries;  fluorine,  320* 

- : - ;  Indiana  University  students, 

312* 

- :  fluorine;  mottling,  145 

Cohen,  J.  T.:  triplets;  arch  form  and  pat¬ 
tern,  413 

- : - ;  arch  width  and  length,  233 

Colchicine:  dental  growth,  316* 
Composition:  dentin;  enamel,  323* 

- :  enamel;  histology,  171,  323*,  429 

Contact  surfaces:  caries,  318*,  473 
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Cooper,  E.  N.:  hardness;  synthetic  resin, 
307* 

Criswell,  J.  C.:  caries;  fluorine,  305* 

Cyst:  fat,  330* 

J)ALE,  P.:  cadmium;  dental  effects,  302* 
Deakin,  M.:  developing  enamel;  chemis¬ 
try,  321*,  429 

Dean,  H.  T.:  fluorine;  caries  rate,  303* 

- : - ;  latobacillus  count,  304* 

Decalcification:  bacteria,  61 

De  Ford,  C.  C.:  prostatic  restorations; 

navy  personnel,  493 
Dentifrice:  abrasion,  335* 

Dentin:  abrasion;  dentifrice,  335* 

- :  composition,  323* 

- :  growth;  strontium,  497 

- :  hardness;  drying,  99 

- :  hereditary  opalescent,  325* 

- : - ;  roentgen-ray  absorption,  107 

- :  metamorphosis,  302*,  423 

- : - ;  pain,  338* 

- :  microscopy,  299* 

- :  opalescent;  retinitis  pigmentosa,  337* 

- :  secondary;  caries,  318* 

- :  sodium  absorption,  323* 

- :  solution;  inorganic  acids,  322* 

Deposit:  organic  structureless;  teeth,  322* 
Desauer,  G.:  sodium  metabolism;  dental 
tissues,  323* 

Detergents:  hydrogen  ion  modification,  315* 
Dextrose:  lactobacilli,  310* 

Diabetes:  teeth  and  gingiva,  296* 

Diagnosis:  pulpitis,  334* 

- :  statistics,  243 

Diamond,  M.:  epithelial  sheath,  331*,  403 
Diet:  bones  and  teeth,  335*,  513 

- :  fluorine,  139,  157,  326* 

See  also  under  nutrition,  calcium,  fluorine, 
vitamin,  etc. 

Dietz,  A.  K.:  bacteria;  sneezing,  309* 

B.  R.:  caries;  Bergen  County, 
N.  J.,  125 

- : - ;  358  counties,  332*,  455 

- :  caries  rate;  tooth  age,  135 

Economic  status:  caries,  320* 

Ehrich,  W.  E.:  lymph  node;  antibody 
formation,  309* 

Elvove,  E.:  fluorine;  caries  rate,  303* 

- : - ;  lactobacillus  count,  304* 

Enamel:  chemical  and  histologic  study, 
171,  321*  429 


Enamel ,  (con.) : 

- :  composition,  323* 

- :  development,  183 

- :  hereditary  amelogenesis  imperfecta, 

306* 

- : shark,  251 

- :  sodium  absorption,  323* 

Epithelial  sheath,  331*,  405 
Epithelium:  bone  formation,  298* 

- :  pulp,  326* 

Eruption:  continuously  growing  teeth,  201 

- :  teeth  of  limited  growth,  395 

Extraction:  blood  examination,  19 

pAILLO,  P.  S.:  blood  examinations;  ex¬ 
traction,  19 
Fat:  cyst,  330* 

Feldman,  B.  L.:  caries;  vital  and  pulpless 
teeth,  332* 

Fleeman,  j.:  osteology;  guinea  pig  skull, 
333* 

Florestano,  H.  j.:  bacteria;  acidogenic 
properties,  263 

Fluorine:  caries,  139,  303,  305*,  314*,  320* 

- :  diet,  157,  326* 

- :  salivary  lactobacillus,  304* 

Foley,  G.:  fusospirochetes;  infect ivity, 
309*,  375 

- :  spirochetes;  cultivation,  242*,  308* 

Foster,  W.  C.:  caries;  dietary  fluorine, 
139,  305* 

Fracture:  tooth;  experimental,  327*,  481 
Freeman,  S.:  brown  opalescent  dentin; 

retinitis  pigmentosa,  337* 

Furdta,  W.  j.:  fluorine;  dry  and  moist 
diets,  157 

Fusiform  organisms:  edentulous  mouth, 
308*,  373 

- :  infectivity,  309*,  375 

(^.\FAFER,  W.  M.:  caries;  rate,  333*,  443 
Gallup,  11.:  composition;  enamel;  dentin, 
323* 

Gaudino,  j.:  composition;  enamel;  dentin, 
3-23* 

Gies,  William  J.:  1 

Gilda,  j.  E.:  metabolism;  pulpless  teeth, 
322* 

Gingiva:  diabetes,  296* 

- :  hypothyroidism,  296* 

Gingival  crevice:  alveolar  crest,  561 
Gingivitis:  alveolar  crest  relationship,  561 
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Gingivitis,  (con.): 

- :  chronic  desquamative;  sex  hormones, 

341* 

- :  oxygen  313* 

- :  vitamin  C,  330*,  353 

Ginn,  J.  T.:  cadmium;  dental  effects,  302* 

- :  caries;  rate;  mechanical  factors,  333* 

- :  radiophosphorus  metabolism;  teeth, 

339* 

- : - ;  pulpless  teeth,  322* 

- :  salivary  gland  extirpation;  rat,  297* 

- :  sodium  metabolism;  dental  tissues, 

323* 

- :  tooth  movement;  molar  loss,  301* 

Glickman,  I.:  Paget’s  disease;  jaws,  300* 

- ;  periodontal  disease;  bone  histology, 

35 

Glock,  G.  E.:  enamel  development;  dogs, 
183 

Gltcogkn  :  fetal  heads,  519 
Gold:  alloys;  abrasion,  103 
Goldman,  H.  M.:  alveolar  crest  and  gin¬ 
gival  crevice  relationship,  561 
Gootzeit,  E.  H.:  fusospirochetal  organ¬ 
isms;  edentulous  mouth,  308*,  373 
Gordon,  S.  M.:  dental  science  and  dental 
art  grant-in-aid,  326* 

Gore,  J.  T.  :  saliva;  mucin,  299*,  383 
Gottlieb,  B.:  caries;  pathology,  317* 

Grenz  ray:  leukoplakia,  329* 

Griess,  F.:  sulfanilamide;  local,  3 
Grossman,  L.  I.:  dentin;  solution;  inor¬ 
ganic  acids,  322* 

Growth :  bone  diseases,  336* 

- :  colchicine  study,  316* 

- :  dental  papilla,  301*,  391 

- :  dentin;  strontium,  497 

- :  enamel;  chemistry,  171, 321*,  429 

- :  glycogen;  fetal  heads,  519 

- :  hiljernation,  336* 

- :  phosphatase;  fetal  heads,  519 

Gruber,  I.  E.:  tuberculosis;  teeth  and 
periodontium,  312* 

Guinea  pig:  skull,  333* 

Gynecological  disorders:  oral  and  vaginal 
smears,  341* 

J-JAMMOND,  C.  W.:  saliva;  opsonin,  279 

- : - ; - ;  caries,  333*,  50!1 

Hammond,  W.  M.:  dentin  microscopy,  299* 
Hampp,  E.  G.:  ameloblastoma;  microin¬ 
cineration,  297* 


Hardness:  dentin;  drying,  99 

- :  Knoop  indentation  instrument,  303* 

- :  synthetic  resin,  307* 

Harris,  T.  N.:  lymph  node;  antibody  for¬ 
mation,  309* 

Harrison,  R.  W.:  lactobacillus;  sensitiza¬ 
tion  of  rabbits,  223 

Hatton,  E.  H.:  I.  A.  D.  R,;  members,  566 

- :  pulp;  inflammation;  symptoms,  334* 

- :  salivary  acidophilus;  paraffin  and 

gum,  334* 

Healey,  H.  J.:  caries;  Indiana  University 
students,  312* 

Hemphill,  C.  D.:  mucosal  bacterial  count; 
drying,  304*,  379 

Heredity:  amelogenesis  imperfecta,  306* 

- :  opalescent  dentin;  osteogenesis  im- 

pierfecta,  325* 

- : - ;  roentgen-ray  absorption,  107 

Hertwig:  sheath,  331*,  405 
Heys,  F.:  osteogenesis  imperfecta;  odonto¬ 
genesis  imperfecta,  325* 

Hibernation:  tooth  development,  336* 
Hill,  T.  J.:  lactobacilli ;  pantothenic  acid 
and  dextrose,  310*,  467 
Hillier,  j.:  electronic  microscope,  326* 
Hinds,  E.:  caries;  pathology,  317* 

- : - ;  resistance,  317*,  475 

Hinds,  F.  W.:  caries;  contact  surfaces,  318*, 
473 

Hodge,  H.  C.:  composition;  enamel;  dentin, 
323* 

- :  sodium  metabolism;  dental  tissues, 

232* 

Hoffman,  M.  M.:  fluorine;  dry  and  moist 
diets,157 

Hook,  W.  E.:  hibernation;  tooth  develop¬ 
ment,  336* 

Hormones:  sex;  gingivitis,  341* 

Horowitz,  N.  H.:  glycogen  and  phospha¬ 
tase;  fetal  heads,  519 

Hydroxylapatite:  sodium  absorption,  323* 
Hyperplasia:  pseudoepitheliomatous,  331* 
Hypersensitivity:  lactobacillus,  316* 

J  .  A.  D.  R.:  members,  566 

- :  New  York  Section;  proceedings, 

241,  421 

- :  proceedings;  address;  inaugural,  291, 

326* 

- : - ; - ;  presidential,  285,  326* 

- : - ;  contents,  285 


Abstract. 


INDEX 


583 


I.  A.  D.  R.  (con.) : 

- : - ;  executive,  344 

- : - ;  index  of  participants,  296 

- : - ;  introduction  of  president-elect, 

289,  326* 

- : - ;  J.  D.  R.,346 

- : - ;  members;  new,  349 

- : - ;  necrology,  342 

- : - ;  officers,  349 

- : - ;  reports ;  officers  and  committees, 

344 

- :  work  and  functions,  285,  326* 

Implantation:  chrome  alloys,  306* 

Indians:  prehistoric;  dental  conditions,  211 
Infection:  focal;  post-mortem  studies,  9 
Investment:  vulcanizing;  strength  of  plas¬ 
ter,  340* 

Isaacs,  A.:  necrology,  342 
T.D.  R.,2,346 

J  - :  sustaining  subscribers,  565 

Jump,  E.  B.:  colchicine;  dental  growth, 
316* 

J^AMEN,  P.:  gynecological  disorders;  oral 
and  vaginal  smears,  341* 

Karshan,  M.:  caries;  saliva;  calcium;  phos¬ 
phorus,  83 

- :  periodontoclasia;  blood  studies,  310* 

- : - ;  salivary  studies,  311* 

Kelly,  V.:  radiocalcium;  bones  and  teeth, 
326* 

Keratinization :  oral  and  vaginal  mucosa, 
341* 

Kittay,  I.:  gynecological  disorders;  oral 
and  vaginal  smears,  341* 

Klatsky,  M.:  caries;  masticatory  stresses, 
319*,  387 

Klein,  H.:  caries;  economic  status,  320* 
Kniesner,  a.  H.:  caries;  vitamin  B  defi¬ 
ciency,  259 

- :  lactobacilli;  pantothenic  acid  and 

dextrose,  310*,  467 

Knoop:  indentation  hardness  instrument, 
303* 

Knowlton,  M.:  fluorine;  diet,  326* 

Kogan,  F.:  periodontal  membrane;  width; 

young  individual,  337* 

Koss,  W.  F.:  sodium  metabolism;  dental 
tissues,  323* 

Kotanyi,  E.:  cancer;  mandible,  326* 

- :  thrombocytopenic  purpura,  334* 


Krasnow,  F.:  I.  A.  D.  R.,  New  York  Sec¬ 
tion;  Proceedings,  241, 421 
Kreshover,  S.:  dentin  microscopy,  299* 
- :  tuberculosis;  teeth;  mice,  27 

LACTOBACILLUS:  fluorine,  304* 

- :  hypersensitivity,  316* 

- :  pantothenic  acid  and  dextrose,  310*, 

467 

- :  paraffin  and  gum  chewing,  334* 

- :  sensitization  of  rabbits,  223 

Lasater,  R.  L.:  gold  alloys;  abrasion,  103 
Lefkowitz,  W.:  caries;  vital  and  pulpless 
teeth,  332* 

- :  dental  papilla;  tooth  formation,  301*, 

391 

- :  dentin;  metamorphosis,  302*,  423 

Leukoplakia:  grenz  ray,  329* 

Levy,  B.  M.:  capillary  permeability;  saliva, 
505 

Liebig,  E.  O.:  amalgam;  zinc;  expansion, 
307* 

Ludwick,  N.  V.:  caries;  fluorine,  305* 

Lund,  A.  P.:  diet;  teeth  and  jaws,  335*,  513 
Lymph  node:  antibody,  309* 

J^ANDIBLE:  form  and  position,  339* 
Manly,  R.  S.:  dentin  abrasion;  denti¬ 
frice,  335* 

- :  structureless  organic  deposit;  teeth, 

322* 

Mann,  A.  W.:  angular  cheilosis;  vertical 
dimension  increase,  305* 

- :  caries;  vitamin  B  deficiency,  259 

Marshall,  J.  A.:  necrology,  342* 

Mast  cell,  331* 

Mastication:  stress;  caries,  319*,  387 
Maurer,  D.  W.:  saliva;  acid;  bacteria; 
caries,  328* 

McC'auley,  II.  B.:  hereditary  opalescent 
dentin;  roentgen-ray  absorption,  107 

- :  radiophosphorus  metabolism;  whole 

teeth,  323* 

McC^lendon,  j.  F.:  caries;  dietary  fluorine, 
139 

- : - ;  fluorine,  305* 

MeDonagh,  A.  J.:  necrology, 343 
Mellanby,  11.:  enamel  development;  dogs, 
183 

Mellanby,  M.:  enamel  development;  dogs, 
183 

Metabolism;  teeth,  322*,  323*,  326*,  339,  42;i 
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Microincineration:  ameloblastoma,  297* 
Microscope:  electronic,  326* 

Miller,  B.  F.:  hydrogen  ion  modification; 
agents,  315* 

Miller,  H.  G.:  dentin  abrasion;  dentifrice, 
335* 

Miller,  S.  C.:  alveoloclastic  experience; 
teeth,  241*,  311*,  365 

Mills,  C.  A.:  caries;  Panama  Canal  Zone, 
55 

Morse,  F.  W.,  Jr.:  root  canal;  anaerobic 
cultures,  5 

Mottled  enamel:  fluorine,  145 
Mucin:  saliva,  299*,  383 
Mucosa:  oral;  hypothyroidism,  296* 
Mcntz,  J.  a.:  detergents  and  urea;  influenc¬ 
ing  factors,  315* 

Murray,  M.  M.:  enamel  development;  dogs, 
183 

Muscles:  masticatory;  occlusal  changes, 
300* 

J^AVY  personnel;  prosthetic  restorations, 
493 

Necrology:  I.  A.  D.  R.,  342 
Neoplasm:  ameloblastoma,  297* 

- :  cancer;  mandible,  325* 

- :  central  giant  cell,  327* 

- :  pseudoepitheliomatous  hyperplasia, 

331* 

Neuwirth,  I.:  bacteria;  lactic  and  pyruvic 
acids,  241*,  321* 

Nuckells,  J.:  pulp  treatment,  329* 
Nutrition:  see  also  vitamins  and  mineral 
elements. 

^CCLUSAL  changes:  masticatory  mus¬ 
cles,  300* 

Odontogene.sis  imperfecta:  osteogenesis  im¬ 
perfecta,  325* 

- :  See  hereditary  opalescent  dentin. 

Oliver,  C.  P.:  triplets;  arch  form  and  pat¬ 
tern,  413 

- : - ;  arch  width  and  length,  233 

Oma.n,  C.  R.:  pulp  capping,  296* 

Opsonin:  saliva,  279 

- : - ;  caries,  333*,  509 

Orban,  B.:  oxygen;  gingival  pocket,  313* 
Orthodontics:  alveolar  bone;  forces,  241* 

- :  arch  width  and  length;  triplets,  233 

- :  first  molar  lost;  position  of  second 

premolar,  300*,  489 


Orthodontics,  (con.): 

- :  occlusal  changes;  masticatory  mus¬ 
cles,  300* 

- :  second  molar  lost;  movement  of  first 

and  third  molars,  301* 

Osteogenesis  imperfecta:  odontogenesis  im¬ 
perfecta,  325* 

Osteology:  guinea  pig  skull,  333* 

Oxygen:  gingival  pocket,  313* 

pAGET’S  disease:  jaws,  300* 

Pain:  dentin  metamorphosis,  338* 
Panama  Canal  Zone:  caries,  55 
Pantothenic  acid:  lactobacilli,  310* 

Papilla:  dental;  tooth  formation,  301*,  391 
Periodontal  disease:  bone  histology,  35 

- :  gingival  crevice  relation,  561 

- :  tuberculosis,  312* 

- :  vitamin  C,  330*,  353 

Periodontal  membrane:  width;  young  in¬ 
dividual,  337* 

Periodontics:  acrylic  splints,  337* 
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BUY  WAR  BONDS 
AND  STAMPS 


It  is  our  duty  and  our  privilege  to*' invest  in  America 
through  the  War  Savings  Program.  Our  purchase 
of  War  Bonds  helps  to  buy  the  Nation’s  planes,  tanks 
and  guns.  The  money  so  invested  reduces  consumers’ 
purchasing  power  and  thereby  acts  as  a  curb  upon  in¬ 
flation.  And  for  the  individual,  the  continued  and 
systematic  buying  of  Bonds  and  Stamps  builds  toward 
personal  security  for  the  future. 
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